Modelling asymmetric exchange rate dependence by Patton, Andrew J.





Modelling Asymmetric Exchange Rate 
Dependence 
Andrew Patton  
!"#$%%&'( )*+,,$-.&/ 01/23'($ 43-$ 5$6$'#$'/$
)'#.$7 89 :3--"'!
!"#$"# %&'""( ") *&"#"+,&-
;&.*- <$.*&"'= >? 5$/$,@$.A >BBB9 C2&* <$.*&"'= DD 8E'$A >BBF9
G$ -$*- H". 3*+,,$-.+ &' 3 ,"#$% "H -2$ #$6$'#$'/$ @$-7$$' -2$ 5$E-*/2$ ,3.I 3'# -2$ J$'A
&' -2$ *$'*$ -23- 3 #&!$.$'- #$(.$$ "H /"..$%3-&"' &* $12&@&-$# #E.&'( K"&'- 366.$/&3-&"'* 3(3&'*-
-2$ L9M9 #"%%3. <$.*E* #E.&'( K"&'- #$6.$/&3-&"'*9 ME/2 3 #$6$'#$'/$ *-.E/-E.$ &* '"- /"'*&*-$'-
7&-2 -2$ /",,"'%+ $,6%"+$# '".,3% ". M-E#$'-N* ! #&*-.&@E-&"' 3**E,6-&"'*9 G$ <$.&H+ -23- -2$
-2$".+ "H /"6E%3* ,3+ @$ $1-$'#$# -" /"'#&-&"'3% #&*-.&@E-&"'*A 3'# $,6%"+ &- -" /"'*-.E/- !$1&@%$
,"#$%* "H -2$ /"'#&-&"'3% #$6$'#$'/$ *-.E/-E.$ "H -2$*$ $1/23'($ .3-$*9 G$ "'# $<&#$'/$ -23- -2$
,3.IO#"%%3. 3'# J$'O#"%%3. $1/23'($ .3-$* 3.$ ,".$ /"..$%3-$# 72$' -2$+ 3.$ #$6.$/&3-&'( 3(3&'*-
-2$ #"%%3. -23' 72$' -2$+ 3.$ 366.$/&3-&'(9 G$ 3%*" "'# *-."'( $<&#$'/$ "H 3 *-.E/-E.3% @.$3I &'
/"'#&-&"'3% #$'*&-+ "H -2$*$ $1/23'($ .3-$* E6"' -2$ &'-."#E/-&"' "H -2$ $E."9
P0JGQ45M= $1/23'($ .3-$*A #$'*&-+ H".$/3*-&'(A /"6E%3*A ,E%-&<3.&3-$ R)4STA 3*+,,$-.+9
8909U9 S"#$*= SV>A SWDA SW>A ;VD9
!C2&* 636$. &* @3*$# "' S236-$. X "H ,+ :2959 #&**$.-3-&"'A :3--"' Y>BB>ZA 3'# 73* 6.$<&"E*%+ /&./E%3-$# E'#$.
-2$ -&-%$ [!"#$%%&'( C&,$O\3.+&'( 01/23'($ 43-$ 5$6$'#$'/$ L*&'( -2$ S"'#&-&"'3% S"6E%3]9 X 7"E%# %&I$ -" -23'I
R.323, 0%%&"--A 4"@ 0'(%$A 43!3$%%3 R&3/",&'&A C"'+ T3%%A 8"*2E3 4"*$'@$.(A P$<&' M2$663.#A )%%3' C&,,$.O
,3''A H"E. 3'"'+,"E* .$H$.$$*A 3'# *$,&'3. 63.-&/&63'-* 3- -2$ >BBD ^".-2 ),$.&/3' 0/"'",$-.&/ M"/&$-+ ,$$-&'(*
&' !3.+%3'#A _"3.# "H R"<$.'".* "H -2$ ;$#$.3% 4$*$.<$A S2&/3(" R.3#E3-$ M/2""% "H _E*&'$**A S",,"'7$3%-2
M/&$'-&"/ 3'# X'#E*-.&3% 4$*$3./2 Q.(3'&*3-&"'A U"'#"' M/2""% "H 0/"'",&/*A !&/2&(3' M-3-$A !"'3*2A Q1H".#A
:$''*+%<3'&3A :.&'/$-"'A :E.#E$A C$13* )`!A LSM5A LSO4&<$.*&#$A L'&<$.*&-+ "H C$/2'"%"(+ M+#'$+ 3'# J3%$ H".
-2$&. /",,$'-* 3'# *E(($*-&"'*9 ;&'3'/&3% *E66".- H.", -2$ LSM5 :."K$/- &' 0/"'",$-.&/ )'3%+*&* ;$%%"7*2&6 &*
(.3-$HE%%+ 3/I'"7%$#($#9 S"'-3/- &'H".,3-&"'= ;&'3'/&3% !3.I$-* R."E6A U"'#"' M/2""% "H 0/"'",&/*A T"E(2-"'




0<&#$'/$ -23- -2$ E'&<3.&3-$ #&*-.&@E-&"'* "H ,3'+ /",,"' $/"'",&/ <3.&3@%$* 3.$ '"'O'".,3% 23*
@$$' 7&#$%+ .$6".-$#A 3* H3. @3/I 3* !&%%* YD?>cZ9 S",,"' $13,6%$* "H #$<&3-&"'* H.", '".,3%&-+
3.$ $1/$** IE.-"*&* Y". H3- -3&%*Z 3'# *I$7'$** &' E'&<3.&3-$ #&*-.&@E-&"'*9 4$/$'- *-E#&$* "H $dO
E&-+ .$-E.'* 23<$ 3%*" .$6".-$# #$<&3-&"'* H.", +.(/,012,1/3 '".,3%&-+A &' -2$ H"., "H 3*+,,$-.&/
#$6$'#$'/$9 Q'$ $13,6%$ "H 3*+,,$-.&/ #$6$'#$'/$ &* 72$.$ -7" .$-E.'* $12&@&- (.$3-$. /"..$O
%3-&"' #E.&'( ,3.I$- #"7'-E.'* -23' ,3.I$- E6-E.'*A 3* .$6".-$# &' 0.@A 3/ 1(4 YD??FZA U"'(&'
3'# M"%'&I Y>BBDZ 3'# )'( 3'# S2$' Y>BB>Z9 \3.&"E* $16%3'3-&"'* H". -2$ 6.$*$'/$ "H 3*+,,$-.&/
#$6$'#$'/$ @$-7$$' $dE&-+ .$-E.'* 23<$ @$$' 6."!$.$#9 ;". $13,6%$A 4&@$&." 3'# \$."'$*& Y>BB>Z
*E(($*- /"..$%3-&"'* @$-7$$' &'-$.'3-&"'3% *-"/I ,3.I$-* &'/.$3*$ #E.&'( ,3.I$- #"7'-E.'* 3* 3
/"'*$dE$'/$ "H &'<$*-".* 23<&'( (.$3-$. E'/$.-3&'-+ 3@"E- -2$ *-3-$ "H -2$ $/"'",+9
!E/2 %$** 3--$'-&"' 23* @$$' 63&# -" -2$ 6"**&@&%&-+ "H 3*+,,$-.&/ #$6$'#$'/$ @$-7$$' $1/23'($
.3-$*9 )*+,,$-.&/ .$*6"'*$* "H /$'-.3% @3'I* -" $1/23'($ .3-$ ,"<$,$'-* &* 3 6"**&@%$ /3E*$
"H 3*+,,$-.&/ #$6$'#$'/$9 ;". $13,6%$A 3 #$*&.$ -" ,3&'-3&' -2$ /",6$-&-&<$'$** "H 8363'$*$
$16".-* -" -2$ L9M9 7&-2 R$.,3' $16".-* -" -2$ L9M9 7"E%# %$3# -2$ _3'I "H 8363' -" &'-$.<$'$
-" $'*E.$ 3 ,3-/2&'( #$6.$/&3-&"' "H -2$ +$' 3(3&'*- -2$ #"%%3. 72$'$<$. -2$ 5$E-*/2$ ,3.I Y5!Z
#$6.$/&3-$# 3(3&'*- -2$ L9M9 #"%%3.9 ME/2 3 */$'3.&" 73* /"'*&#$.$# @+ C3I3(& YD???Z9 Q' -2$
"-2$. 23'#A 3 6.$H$.$'/$ H". 6.&/$ *-3@&%&-+ /"E%# %$3# -2$ _3'I "H 8363' -" &'-$.<$'$ -" $'*E.$
3 ,3-/2&'( 366.$/&3-&"' "H -2$ +$' 3(3&'*- -2$ #"%%3. 72$'$<$. -2$ 5! 366.$/&3-$# 3(3&'*- -2$
L9M9 #"%%3.9 )' &,@3%3'/$ &' -2$*$ -7" "@K$/-&<$* /"E%# /3E*$ 3*+,,$-.&/ #$6$'#$'/$ @$-7$$'
-2$*$ $1/23'($ .3-$*9 XH -2$ /",6$-&-&<$'$** 6.$H$.$'/$ #",&'3-$* -2$ 6.&/$ *-3@&%&-+ 6.$H$.$'/$
7$ 7"E%# $16$/- -2$ 5! 3'# +$' -" @$ ,".$ #$6$'#$'- #E.&'( #$6.$/&3-&"'* 3(3&'*- -2$ #"%%3.
-23' #E.&'( 366.$/&3-&"'*9 )' 3%-$.'3-&<$ /3E*$ /"E%# /",$ H.", 6".-H"%&" .$O@3%3'/&'(= 72$' -2$
#"%%3. *-.$'(-2$'* -2$.$ &* "H-$' 3 *2&H- "H HE'#* H.", "-2$. /E..$'/&$* &'-" -2$ #"%%3.A 72$.$3*
72$' -2$ #"%%3. 7$3I$'* ,E/2 "H -2$*$ HE'#* *2&H- &'-" -2$ 5! ". $E."A .3-2$. -23' -2$ +$'A 3*
-2$ H".,$. 73*b&* -2$ *$/"'# ,"*- &,6".-3'- /E..$'/+D9 ME/2 .$O@3%3'/&'( @$23<&"E. 7"E%# 3%*"
%$3# -" (.$3-$. #$6$'#$'/$ #E.&'( #$6.$/&3-&"'* "H -2$ 5! 3'# +$' 3(3&'*- -2$ #"%%3. -23' #E.&'(
366.$/&3-&"'*9
C" &'<$*-&(3-$ 72$-2$. -2$ #$6$'#$'/$ *-.E/-E.$ "H -2$*$ $1/23'($ .3-$* &* 3*+,,$-.&/A 7$
,3I$ E*$ "H 3 -2$".$, #E$ -" MI%3. YD?W?ZA 72&/2 *2"7* -23- 3'+ #O#&,$'*&"'3% K"&'- #&*-.&@E-&"'
D X -23'I 3 .$H$.$$ H". 6."<&#&'( -2$*$ HE.-2$. *E(($*-&"'* "' 6"**&@%$ *"E./$* "H 3*+,,$-.&/ $1/23'($ .3-$ #$6$'O
#$'/$9
>
HE'/-&"' ,3+ @$ #$/",6"*$# &'-" &-* # ,3.(&'3% #&*-.&@E-&"'*A 3'# 3 &"5.(1A 72&/2 /",6%$-$%+
#$*/.&@$* -2$ #$6$'#$'/$ @$-7$$' -2$ # <3.&3@%$*>9 C2$ /"6E%3 &* 3 ,".$ &'H".,3-&<$ ,$3*E.$ "H
#$6$'#$'/$ @$-7$$' -7" Y". ,".$Z <3.&3@%$* -23' %&'$3. /"..$%3-&"'A 3* 72$' -2$ K"&'- #&*-.&@E-&"'
"H -2$ <3.&3@%$* "H &'-$.$*- &* '"'O$%%&6-&/3% -2$ E*E3% /"..$%3-&"' /"$"/&$'- &* '" %"'($. *E"/&$'- -"
#$*/.&@$ -2$ #$6$'#$'/$ *-.E/-E.$9
_+ E*&'( 3' $1-$'*&"' "H MI%3.N* -2$".$, 7$ 3.$ 3@%$ -" $16%"&- -2$ *E//$** 7$ 23<$ 23# &'
-2$ ,"#$%%&'( "H E'&<3.&3-$ #$'*&-&$* @+ ".*- *6$/&H+&'( ,"#$%* H". -2$ ,3.(&'3% #&*-.&@E-&"'* "H
3 ,E%-&<3.&3-$ #&*-.&@E-&"' "H &'-$.$*-A 3'# -2$' *6$/&H+&'( 3 /"6E%39 ;". $13,6%$A /"'*&#$. -2$
,"#$%%&'( "H -2$ K"&'- #&*-.&@E-&"' "H -7" $1/23'($ .3-$*= -2$ M-E#$'-N* ! #&*-.&@E-&"' 23* @$$'
H"E'# -" 6."<&#$ 3 .$3*"'3@%$ "- -" -2$ /"'#&-&"'3% E'&<3.&3-$ #&*-.&@E-&"' "H #3&%+ $1/23'($ .3-$
.$-E.'*A *$$ _"%%$.*%$< YD?ecZ 3,"'(*- "-2$.*9 ) '3-E.3% *-3.-&'( 6"&'- &' -2$ ,"#$%%&'( "H -2$ K"&'-
#&*-.&@E-&"' "H -7" $1/23'($ .3-$* ,&(2- -2$' @$ 3 @&<3.&3-$ ! #&*-.&@E-&"'9 T"7$<$.A -2$ *-3'#3.#
@&<3.&3-$ M-E#$'-N* ! #&*-.&@E-&"' 23* -2$ .$*-.&/-&<$ 6."6$.-+ -23- @"-2 ,3.(&'3% #&*-.&@E-&"'* 23<$
-2$ *3,$ #$(.$$* "H H.$$#", 63.3,$-$.9 M-E#&$* *E/2 3* _"%%$.*%$< YD?ecZ 23<$ *2"7' -23- #&!$.$'-
$1/23'($ .3-$* 23<$ #&!$.$'- #$(.$$* "H H.$$#", 63.3,$-$.*A 3'# "E. $,6&.&/3% .$*E%-* /"'"., -23-
-2&* &* -.E$ H". -2$ 5$E-*/2$ ,3.I O L9M9 #"%%3. 3'# J$' O L9M9 #"%%3. $1/23'($ .3-$*= -2$ /"'#&-&"'
-23- @"-2 $1/23'($ .3-$ .$-E.'* 23<$ -2$ *3,$ #$(.$$* "H H.$$#", 63.3,$-$. &* .$K$/-$# @+ -2$ #3-39
^"-$ 3%*" -23- -2&* &* 6"**&@%+ -2$ ,"*- &#$3% *&-E3-&"'= 72$.$ @"-2 3**$-* -E.' "E- -" 23<$ E'&<3.&3-$
#&*-.&@E-&"'* H.", -2$ *3,$ H3,&%+A -2$ M-E#$'-N* !A 3'# <$.+ *&,&%3. #$(.$$* "H H.$$#", Y!"" H".
-2$ ,3.I 3'# #"$ H". -2$ +$'Z9 G$ /"E%# &,3(&'$ *&-E3-&"'* 72$.$ -2$ -7" <3.&3@%$* "H &'-$.$*-
23<$ dE&-$ #&!$.$'- ,3.(&'3% #&*-.&@E-&"'*A 72$.$ '" "@<&"E* /2"&/$ H". -2$ @&<3.&3-$ #$'*&-+ $1&*-*9
;E.-2$.A -2$ @&<3.&3-$ M-E#$'-N* ! #&*-.&@E-&"' &,6"*$* 3 *+,,$-.&/ #$6$'#$'/$ *-.E/-E.$A .E%&'(
"E- -2$ 6"**&@&%&-+ -23- -2$ $1/23'($ .3-$* ,3+ @$ ,".$ ". %$** #$6$'#$'- #E.&'( 366.$/&3-&"'* -23'
#E.&'( #$6.$/&3-&"'*9 5$/",6"*&'( -2$ ,E%-&<3.&3-$ #&*-.&@E-&"' &'-" -2$ ,3.(&'3% #&*-.&@E-&"'*
3'# -2$ /"6E%3 3%%"7* H". -2$ /"'*-.E/-&"' "H @$--$. ,"#$%* "H -2$ &'#&<&#E3% <3.&3@%$* -23' 7"E%#
@$ 6"**&@%$ &H 7$ /"'*-.3&'$# "E.*$%<$* -" %""I "'%+ 3- $1&*-&'( ,E%-&<3.&3-$ #&*-.&@E-&"'*9
) E*$HE% 63.3,$-.&/ 3%-$.'3-&<$ -" /"6E%3O@3*$# ,E%-&<3.&3-$ ,"#$%* &* 3 ,E%-&<3.&3-$ .$(&,$
*7&-/2&'( ,"#$%A *$$ )'( 3'# _$I3$.- Y>BB>Z H". $13,6%$9 C2$*$ 3E-2".* *2"7 -23- 3 ,&1-E.$ "H
>C2$ 7".# &"5.(1 /",$* H.", U3-&' H". 3 f%&'IN ". f@"'#NA 3'# 73* /"&'$# @+ MI%3. YD?W?ZA 72" ".*- 6."<$# -2$
-2$".$, -23- 3 /"%%$/-&"' "H ,3.(&'3% #&*-.&@E-&"'* /3' @$ f/"E6%$#N -"($-2$. <&3 3 /"6E%3 -" H"., 3 ,E%-&<3.&3-$
#&*-.&@E-&"'9 X- 23* @$$' (&<$' <3.&"E* '3,$*A *E/2 3* $353#$3#&3 ).#&/,"# YR3%3,@"*A D?ce 3'# 5$2$E<$%*A D?ceZA
.#,)"2+ 23523-3#/1/,"# YP&,$%#".H 3'# M3,6*"'A D?cWA 3'# TE-/2&'*"' 3'# U3&A D??BZ ". -/1#$12$ )"2+ YS""I 3'#
8"2'*"'A D?eDZ9
V
-7" ,E%-&<3.&3-$ '".,3% #&*-.&@E-&"'* /3' ,3-/2 -2$ 3*+,,$-.&/ $dE&-+ .$-E.' #$6$'#$'/$ H"E'#
&' U"'(&' 3'# M"%'&I Y>BBDZA 3'# -2E* ,3+ 3%*" @$ E*$HE% H". *-E#+&'( 3*+,,$-.&/ $1/23'($ .3-$
#$6$'#$'/$9 ) #$-3&%$# /",63.&*"' "H !$1&@%$ /"6E%3O@3*$# ,"#$%* 3'# !$1&@%$ ,E%-&<3.&3-$ .$(&,$
*7&-/2&'( ,"#$%* H". $1/23'($ .3-$* 3'#b". $dE&-+ .$-E.'* 7"E%# @$ 3' &'-$.$*-&'( *-E#+A @E- 7$
%$3<$ &- H". HE-E.$ .$*$3./29
)' 3%-$.'3-&<$ -" 63.3,$-.&/ *6$/&"/3-&"'* "H -2$ ,E%-&<3.&3-$ #&*-.&@E-&"' 7"E%# "H /"E.*$ @$ 3
'"'63.3,$-.&/ $*-&,3-$A 3* &' ;$.,3'&3' 3'# M/3&%%$- Y>BBVZ H". $13,6%$A 72&/2 /3' 3//",,"#3-$
3%% 6"**&@%$ #&*-.&@E-&"'3% H".,*9 Q'$ /",,"' #.37@3/I 7&-2 '"'63.3,$-.&/ 366."3/2$* &* -2$
%3/I "H 6.$/&*&"' -23- "//E.* 72$' -2$ #&,$'*&"' "H -2$ #&*-.&@E-&"' "H &'-$.$*- &* ,"#$.3-$%+ %3.($
Y*3+ "<$. H"E.ZA ". 72$' 7$ /"'*&#$. ,E%-&<3.&3-$ #&*-.&@E-&"'* /"'#&-&"'$# "' 3 *-3-$ <$/-". Y3*
&* -2$ /3*$ &' -2&* 636$.Z9 C2$ -.3#$O"! H". -2&* %3/I "H 6.$/&*&"' &* -2$ H3/- -23- 3 63.3,$-.&/
*6$/&"/3-&"' ,3+ @$ ,&*O*6$/&"$#9 X- &* H". -2&* .$3*"' -23- 7$ #$<"-$ 3 (.$3- #$3% "H 3--$'-&"' -"
-$*-* "H (""#'$**O"HO"- "H -2$ 6."6"*$# *6$/&"/3-&"'*9
C2&* 636$. ,3I$* -7" ,3&' /"'-.&@E-&"'*9 QE. ".*- /"'-.&@E-&"' &* -" *2"7 -23- -2$ $1&*-&'(
-2$".+ "H YE'/"'#&-&"'3%Z /"6E%3* ,3+ @$ $1-$'#$# -" -2$ /"'#&-&"'3% /3*$A -2E* 3%%"7&'( E* -"
E*$ /"6E%3 -2$".+ &' -2$ 3'3%+*&* "H -&,$O<3.+&'( /"'#&-&"'3% #$6$'#$'/$9 C&,$ <3.&3-&"' &' -2$
/"'#&-&"'3% ".*- 3'# *$/"'# ,",$'-* "H $/"'",&/ -&,$ *$.&$* 23* @$$' 7&#$%+ .$6".-$#A 3'# *"
3%%"7&'( H". -&,$ <3.&3-&"' &' -2$ /"'#&-&"'3% #$6$'#$'/$ @$-7$$' $/"'",&/ -&,$ *$.&$* *$$,*
'3-E.3%9 C2$ *$/"'# 3'# ,3&' /"'-.&@E-&"' "H -2$ 636$. &* -" *2"7 2"7 7$ ,3+ E*$ -2$ -2$".+
"H /"'#&-&"'3% /"6E%3* H". ,E%-&<3.&3-$ #$'*&-+ ,"#$%%&'(9 G$ $13,&'$ #3&%+ 5$E-*/2$ ,3.I O L9M9
#"%%3. Y5!OLM5Z 3'# 8363'$*$ +$' O L9M9 #"%%3. YJ$'OLM5Z $1/23'($ .3-$* "<$. -2$ 6$.&"# 83'E3.+
D??D -" 5$/$,@$. >BBDA 3'# 6."6"*$ 3 '$7 /"6E%3 -23- 3%%"7* H". 3*+,,$-.&/ #$6$'#$'/$ 3'#
&'/%E#$* *+,,$-.&/ #$6$'#$'/$ 3* 3 *6$/&3% /3*$9 G$ "'# *&('&"/3'- $<&#$'/$ -23- -2$ #$6$'#$'/$
*-.E/-E.$ @$-7$$' -2$ 5!OLM5 3'# J$'OLM5 $1/23'($ .3-$* 73* 3*+,,$-.&/A /"'*&*-$'- 7&-2 -2$
3*+,,$-.&/ /$'-.3% @3'I @$23<&"E. *-".+ 6.$*$'-$# 3@"<$9 G$ 3%*" "'# <$.+ *-."'( $<&#$'/$ "H 3
*-.E/-E.3% @.$3I &' -2$ /"'#&-&"'3% /"6E%3 H"%%"7&'( -2$ &'-."#E/-&"' "H -2$ $E." &' 83'E3.+ D???=
-2$ %$<$% "H #$6$'#$'/$ #."6* *E@*-3'-&3%%+A -2$ #+'3,&/* "H /"'#&-&"'3% #$6$'#$'/$ /23'($A 3'#
-2$ #$6$'#$'/$ *-.E/-E.$ ("$* H.", *&('&"/3'-%+ 3*+,,$-.&/ &' "'$ #&.$/-&"' -" 7$3I%+ 3*+,,$-.&/
&' -2$ "66"*&-$ #&.$/-&"'9
C2$ ,"#$%%&'( "H -2$ $'-&.$ /"'#&-&"'3% K"&'- #&*-.&@E-&"' "H -2$*$ $1/23'($ .3-$* 23* 3 'E,@$.
"H 3--.3/-&<$ H$3-E.$*= (&<$' -2$ /"'#&-&"'3% K"&'- #&*-.&@E-&"' 7$ /3'A "H /"E.*$A "@-3&' /"'#&-&"'3%
,$3'*A <3.&3'/$*A 3'# /"..$%3-&"'A 3* 7$%% 3* -2$ -&,$ 63-2* "H 3'+ "-2$. #$6$'#$'/$ ,$3*E.$ "H
F
&'-$.$*-A *E/2 3* .3'I /"..$%3-&"' ". -3&% #$6$'#$'/$V9 ;E.-2$.A -2$.$ 3.$ $/"'",&/ *&-E3-&"'* 72$.$
-2$ $'-&.$ /"'#&-&"'3% K"&'- #$'*&-+ &* .$dE&.$#A *E/2 3* -2$ 6.&/&'( "H "'3'/&3% "6-&"'* 7&-2 ,E%-&6%$
E'#$.%+&'( 3**$-*A *$$ 4"*$'@$.( Y>BBVZ ". &' -2$ /3%/E%3-&"' "H 6".-H"%&" \3%E$O3-O4&*I Y\34ZA *$$
TE%% 3'# G2&-$ YD??eZA ". &' 3 H".$/3*- *&-E3-&"' 72$.$ -2$ %"** HE'/-&"' "H -2$ H".$/3*-N* $'#OE*$.
&* E'I'"7'9
5$*6&-$ -2$ H3/- -23- /"6E%3* 7$.$ &'-."#E/$# 3* 3 ,$3'* "H &*"%3-&'( -2$ #$6$'#$'/$ *-.E/-E.$
"H 3 ,E%-&<3.&3-$ #&*-.&@E-&"' "<$. H".-+ +$3.* 3("A &- &* "'%+ .$/$'-%+ -23- -2$+ 3--.3/-$# -2$ 3-O
-$'-&"' "H $/"'",&*-*9 X' -2$ %3*- H$7 +$3.* 'E,$."E* 636$.* 23<$ 366$3.$#A E*&'( /"6E%3* &' *E/2
366%&/3-&"'* 3* ,E%-&<3.&3-$ "6-&"' 6.&/&'(A 3**$- 3%%"/3-&"'A ,"#$%* "H #$H3E%- .&*IA &'-$(.3-$# .&*I
,3'3($,$'-A *$%$/-&<&-+ @&3*A '"'%&'$3. 3E-".$(.$**&<$ #$6$'#$'/$ 3'# /"'-3(&"'F9 C" "E. I'"7%O
$#($A -2&* 636$. &* "'$ "H -2$ ".*- -" /"'*&#$. /"6E%3* H". -&,$O<3.+&'( /"'#&-&"'3% #&*-.&@E-&"'*A
$,623*&g$ -2$ &,6".-3'/$ "H H".,3% (""#'$**O"HO"- -$*-&'( H". /"6E%3* 3'# ,3.(&'3% #&*-.&@E-&"'*A
3'# -" $,6%"+ *-3-&*-&/3% -$*-* /",63.&'( -2$ (""#'$**O"HO"- "H /",6$-&'( '"'O'$*-$# /"6E%3*9
C2$ *-.E/-E.$ "H -2$ .$,3&'#$. "H -2&* 636$. &* 3* H"%%"7*9 X' M$/-&"' > 7$ 6.$*$'- -2$ -2$".+
"H -2$ /"'#&-&"'3% /"6E%39 X' M$/-&"' V 7$ 366%+ -2$ -2$".+ "H /"'#&-&"'3% /"6E%3* -" 3 *-E#+ "H -2$
#$6$'#$'/$ *-.E/-E.$ "H -2$ 5$E-*/2$ ,3.I O L9M9 #"%%3. 3'# J$' O L9M9 #"%%3. $1/23'($ .3-$*9 X'
-23- *$/-&"' 7$ #&*/E** -2$ /"'*-.E/-&"' 3'# $<3%E3-&"' "H -&,$O<3.+&'( /"'#&-&"'3% /"6E%3 ,"#$%*9
G$ *E,,3.&*$ "E. .$*E%-* &' M$/-&"' F9 M",$ 6.""H* 3.$ /"'-3&'$# &' )66$'#&1 )A 3'# #$-3&%* "'
-2$ (""#'$**O"HO"- -$*-* 3.$ 6.$*$'-$# &' )66$'#&1 _9
+ ,-. /&#'*$*&#01 /&2(10
X' -2&* *$/-&"' 7$ .$<&$7 -2$ -2$".+ "H /"6E%3* 3'# #&*/E** -2$ $1-$'*&"' -" 23'#%$ /"'#&-&"'&'(
<3.&3@%$*A E*&'( $1&*-&'( .$*E%-* H". E'/"'#&-&"'3% #&*-.&@E-&"' HE'/-&"'* 3'# E'/"'#&-&"'3% /"6E%3*9
C2"E(2 &' -2&* 636$. 7$ H"/E* "' @&<3.&3-$ #&*-.&@E-&"'*A &- *2"E%# @$ '"-$# -23- -2$ -2$".+ "H
/"6E%3* &* 366%&/3@%$ -" -2$ ,".$ ($'$.3% ,E%-&<3.&3-$ /3*$9 G$ ,E*- ".*-%+ #$"'$ -2$ '"-3-&"'=
-2$ <3.&3@%$* "H &'-$.$*- 3.$ # 3'# $ 3'# -2$ /"'#&-&"'&'( <3.&3@%$ &* % A 72&/2 ,3+ @$ 3 <$/-".9
U$- -2$ K"&'- #&*-.&@E-&"' "H %#&$&% & @$ '!A #$'"-$ -2$ /"'#&-&"'3% #&*-.&@E-&"' "H %#&$ & (&<$'
VC2&* ,$3*E.$ 7&%% @$ #&*/E**$# &' ,".$ #$-3&% &' M$/-&"' V9 5$6$'#$'/$ #E.&'( $1-.$,$ $<$'-* 23* @$$' -2$
*E@K$/- "H ,E/2 3'3%+*&* &' -2$ "'3'/&3% /"'-3(&"' %&-$.3-E.$A *$$ T3.-,3''A 3/ 1(4 Y>BBDZ 3,"'(*- "-2$.*9
FM$$ ;.$$*A 3/ 1(4 YD??hZA _"E+i 3/ 1(4 Y>BBB3ZA S2$.E@&'& 3'# UE/&3'" Y>BBBA >BBDZA S"*-&'"- 3/ 1(4 Y>BBBZA
U& Y>BBBZA ;$.,3'&3' 3'# M/3&%%$- Y>BBVZA 0,@.$/2-*A 3/ 1(4 Y>BBDZA ;.$+ 3'# !/^$&% Y>BBDZA 4"/I&'($. 3'# 8"'O
#$3E Y>BBDZA M3'/$--3 3'# M3-/2$%% Y>BBDZA M,&-2 Y>BBDZA 4"#.&(E$g Y>BBVZA 4"*$'@$.( Y>BBVZA :3--"' Y>BBFZ 3'#
4"*$'@$.( 3'# M/2E$.,3'' Y>BBFZ9
W
% A 3* 'A 3'# %$- -2$ /"'#&-&"'3% ,3.(&'3% #&*-.&@E-&"'* "H #!% 3'# $ !% @$ #$'"-$# ( 3'# )
.$*6$/-&<$%+9 4$/3%% -23- ( %*!+& ' ' %*&!!+& 3'# ) %,!+& ' ' %!& ,!+& "G$ 7&%% 3**E,$ &' -2&*
636$. -23- -2$ #&*-.&@E-&"' HE'/-&"' '! &* *E"/&$'-%+ *,""-2 H". 3%% .$dE&.$# #$.&<3-&<$* -" $1&*-A
3'# -23- ( A ) 3'# ' 3.$ /"'-&'E"E*9 C2$ %3--$. 3**E,6-&"'* 3.$ '"- '$/$**3.+A @E- ,3I&'( -2$,
*&,6%&"$* -2$ 6.$*$'-3-&"'9 C2."E(2"E- -2&* 636$. 7$ 7&%% #$'"-$ -2$ #&*-.&@E-&"' Y". -"."/"Z "H
3 .3'#", <3.&3@%$ E*&'( 3' E66$. /3*$ %$--$.A 3'# -2$ /"..$*6"'#&'( #$'*&-+ Y". 0"."/"Z E*&'( -2$
%"7$. /3*$ %$--$.9 G$ 7&%% #$'"-$ -2$ $1-$'#$# .$3% %&'$ 3* (! " ! # "#!$9 G$ 3#"6- -2$ E*E3%
/"'<$'-&"' "H #$'"-&'( .3'#", <3.&3@%$* &' E66$. /3*$A#!A 3'# .$3%&*3-&"'* "H .3'#", <3.&3@%$* &'
%"7$. /3*$A *!9
) -2"."E(2 .$<&$7 "H YE'/"'#&-&"'3%Z /"6E%3* ,3+ @$ H"E'# &' ^$%*$' YD???Z 3'# 8"$ YD??cZ9
_.&$!+A /"6E%3 -2$".+ $'3@%$* E* -" #$/",6"*$ 3 K"&'- #&*-.&@E-&"' &'-" &-* ,3.(&'3% #&*-.&@E-&"'*
3'# &-* #$6$'#$'/$ HE'/-&"'A ". /"6E%3=
' %*& ,& ' 1 %( %*& & ) %,&& A ". YDZ
2 %*& ,& ' / %*& % 3 %,& % - %( %*& & ) %,&& Y>Z
72$.$ $dE3-&"' YDZ 3@"<$ #$/",6"*$* 3 @&<3.&3-$ -./ A 3'# $dE3-&"' Y>Z #$/",6"*$* 3 @&<3.&3-$
#$'*&-+9 C" 6."<&#$ *",$ &#$3 3* -" -2$ !$1&@&%&-+ -23- /"6E%3 -2$".+ (&<$* E*A 7$ '"7 /"'*&#$.
<3.&"E* @&<3.&3-$ #&*-.&@E-&"'*A 3%% 7&-2 *-3'#3.# '".,3% ,3.(&'3% #&*-.&@E-&"'* 3'# 3%% &,6%+&'(
3 %&'$3. /"..$%3-&"' /"$"/&$'-A 4A "H )"*9 C2$ /"'-"E. 6%"-* "H -2$*$ #&*-.&@E-&"'* 3.$ 6.$*$'-$#
&' ;&(E.$ D9 X' -2$ E66$. %$H- /".'$. "H -2&* "(E.$ &* -2$ *-3'#3.# @&<3.&3-$ '".,3% #&*-.&@E-&"'
7&-2 4 ' )"*9 C2$ "-2$. $%$,$'-* "H -2&* "(E.$ *2"7 -2$ #$6$'#$'/$ *-.E/-E.$* &,6%&$# @+ "-2$.
/"6E%3*A 7&-2 $3/2 /"6E%3 /3%&@.3-$# *" 3* -" 3%*" +&$%# 4 ' )"*9 X- &* dE&-$ /%$3. -23- I'"7&'(
-2$ ,3.(&'3% #&*-.&@E-&"'* 3'# %&'$3. /"..$%3-&"' &* '"- *E"/&$'- -" #$*/.&@$ 3 K"&'- #&*-.&@E-&"'=
S%3+-"'N* /"6E%3A H". $13,6%$A 23* /"'-"E.* -23- 3.$ dE&-$ 6$3I$# &' -2$ '$(3-&<$ dE3#.3'-A &,6%+&'(
(.$3-$. #$6$'#$'/$ H". K"&'- '$(3-&<$ $<$'-* -23' H". K"&'- 6"*&-&<$ $<$'-*9 RE,@$%N* /"6E%3 &,6%&$*
-2$ "66"*&-$9 C2$ HE'/-&"'3% H"., "H -2$ *+,,$-.&*$# 8"$OS%3+-"' 7&%% @$ (&<$' &' M$/-&"' Vj -2$
.$,3&'&'( /"6E%3 HE'/-&"'3% H".,* ,3+ @$ H"E'# &' 8"$ YD??cZ ". :3--"' Y>BBFZ9
k X^M04C ;XRL40 D T040 l
^"7 %$- E* H"/E* "' -2$ ,"#&"/3-&"'* .$dE&.$# H". -2$ $1-$'*&"' -" /"'#&-&"'3% #&*-.&@E-&"'*9 G$
7&%% #$.&<$ -2$ 6."6$.-&$* "H /"'#&-&"'3% K"&'- #&*-.&@E-&"'* 3'# -2$ /"'#&-&"'3% /"6E%3 #&.$/-%+ H.",
-2$ 6."6$.-&$* "H E'/"'#&-&"'3% #&*-.&@E-&"'* 3'# /"6E%3*9 ;". -2$ 6E.6"*$* "H $16"*&-&"' 7$ 7&%%
h
3**E,$ @$%"7 -23- -2$ #&,$'*&"' "H -2$ /"'#&-&"'&'( <3.&3@%$A % A &* D9 C2$ /"'#&-&"'3% @&<3.&3-$
#&*-.&@E-&"' "H %#&$ & !% /3' @$ #$.&<$# H.", -2$ E'/"'#&-&"'3% K"&'- #&*-.&@E-&"' "H %#&$&% & 3*
H"%%"7*=
' %*& ,!+& ' /" %+&
"! %
5'! %*& ,& +&
5+
& H". + $&
72$.$ /" &* -2$ E'/"'#&-&"'3% #$'*&-+ "H %& 3'# & &* -2$ *E66".- "H % 9 T"7$<$.A -2$ /"'#&O
-&"'3% /"6E%3 "H %#&$ & !% &1##"/ @$ #$.&<$# H.", -2$ E'/"'#&-&"'3% /"6E%3 "H %#&$&% &j HE.-2$.
&'H".,3-&"' &* .$dE&.$#W9 C2$ /"'#&-&"'3% /"6E%3 "H %#&$ & !% &* #$"'$# @$%"79
3.!#*$*&# ! 4/&#'*$*&#01 )&2(105 6'3 &"#$,/,"#1( &"5.(1 ") %#&$ & !% 7 8'323 #!% ! ( 1#$
$ !% ! )7 ,- /'3 &"#$,/,"#1( 9",#/ $,-/2,:./,"# ).#&/,"# ") 6 " ( %#!% & 1#$ 7 " ) %$ !% & ;,03#
% 4
C2$ -7" <3.&3@%$* 6 3'# 7 3.$ I'"7' 3* -2$ /"'#&-&"'3% f6."@3@&%&-+ &'-$(.3% -.3'*H".,*N "H
# 3'# $ (&<$' % 9 ;&*2$. YD?V>Z 3'# 4"*$'@%3-- YD?W>Z *2"7$# -23- -2$*$ .3'#", <3.&3@%$* 23<$
-2$ 689/ %)& +& #&*-.&@E-&"'A .$(3.#%$** "H -2$ ".&(&'3% #&*-.&@E-&"'*A ( 3'# )9h ) -7"O#&,$'*&"'3%
/"'#&-&"'3% /"6E%3 /3' @$ #$.&<$# H.", 3'+ #&*-.&@E-&"' HE'/-&"' *E/2 -23- -2$ /"'#&-&"'3% K"&'-
#&*-.&@E-&"' "H -2$ ".*- -7" <3.&3@%$* (&<$' -2$ .$,3&'&'( <3.&3@%$* &* 3 /"6E%3 H". 3%% <3%E$* "H -2$
/"'#&-&"'&'( <3.&3@%$* &' -2$&. *E66".-9 X- &* *&,6%$ -" $1-$'# $1&*-&'( .$*E%-* -" *2"7 -23- -2$
/"'#&-&"'3% /"6E%3 23* -2$ H"%%"7&'( 6."6$.-&$*9
6%&2&7*$*&# ! 46%&2.%$*.7 &8 0 )&#'*$*&#01 )&2(105 < /8"=$,+3#-,"#1( &"#$,/,"#1( &"5.(1 '1-
/'3 )"(("8,#; 52"532/,3->
?4 @/ ,- 1 ).#&/,"# 1 , -)& +.' -)& +.'& % -)& +.
A4 1%:& )!+& ' 1%)& ;!+& ' )& )"2 3032B :& ; ,# -)& +. 1#$ 31&' + $&
C4 1%:& +!+& ' : 1#$ 1%+& ;!+& ' ;7 )"2 3032B :& ; ,# -)& +. 1#$ 31&' + $&
D4 7# %-:!& :".' -;!& ;". !+& " 1 %:"& ;"!+&&1 %:!& ;"!+&&1 %:"& ;!!+&/1 %:!& ;!!+& ' ) )"2 1((
:!& :"& ;!& ;" $ -)& +.7 -.&' /'1/ :! ( :" 1#$ ;! ( ;" 1#$ 31&' + $&4
WG$ 6.$*$'- -2$ /"'#&-&"'3% /"6E%3 "H !!"# " !$ 3* -2$ #&*-.&@E-&"' "H !%" & " !$ A 72$.$ % ! ' !!!$ " 3'#
& ! ( !# !$ " ) G$ -23'I 3 .$H$.$$ H". 6"&'-&'( "E- -23- -2$ /"'#&-&"'3% /"6E%3 /3' 3%*" @$ "@-3&'$# (&<$' -2$
E'/"'#&-&"'3% /"6E%3 "H !!"#"$ " 3'# -2$ ,3.(&'3% #$'*&-+ "H $ 9
hC2$ 6."@3@&%&-+ &'-$(.3% -.3'*H"., 23* 3%*" @$$' E*$# &' -2$ /"'-$1- "H (""#'$**O"HO"- -$*-* 3* H3. @3/I 3* -2$
D?VB*A *$$ P9 :$3.*"' YD?VVZ H". $13,6%$9 !".$ .$/$'-%+ 5&$@"%#A 3/ 1(4 YD??eZ $1-$'#$# -2$ 6."@3@&%&-+ &'-$(.3%
-.3'*H"., -2$".+ -" -2$ -&,$ *$.&$* /3*$A 3'# 6."6"*$# E*&'( &- &' -2$ $<3%E3-&"' "H #$'*&-+ H".$/3*-*9
c
8'323 & ,- /'3 -.55"2/ ") /'3 &"#$,/,"#,#; 012,1:(3-4
C2$ 6.""H &* 6.$*$'-$# &' )66$'#&1 )9 ) -7"O#&,$'*&"'3% /"'#&-&"'3% /"6E%3A -2$'A &* -2$
/"'#&-&"'3% K"&'- #&*-.&@E-&"' "H -7" &"#$,/,"#1((B L'&H".,%)& +& .3'#", <3.&3@%$*9 C2$ H"E.-2
/"'#&-&"' 3@"<$ .$H$.* -" -2$ f1O<"%E,$N "H 3 .$/-3'(%$ &' -)& +. ' -)& +.A #$'"-$# @+ 7# 9 C2&* &*
*&,6%+ -2$ /"'#&-&"'3% 6."@3@&%&-+ "H "@*$.<&'( 3 6"&'- &' -2$ .$/-3'(%$A 3'# &' -2$ /3*$ -23- -2$
6."@3@&%&-+ #$'*&-+ HE'/-&"' $1&*-* -2&* /"'#&-&"' .$#E/$* -" -2$ HE'/-&"' 1 3%73+* &,6%+&'( 3 '"'O
'$(3-&<$ /"6E%3 #$'*&-+9 G$ '"7 ,"<$ "' -" 3' $1-$'*&"' "H MI%3.N* YD?W?Z -2$".$, H". /"'#&-&"'3%
#&*-.&@E-&"'*=
,-.&%.9 ! 4:;10%<7 $-.&%.9 8&% )&#$*#(&(7 )&#'*$*&#01 '*7$%*=($*&#75 !3/ ( :3 /'3 &"#=
$,/,"#1( $,-/2,:./,"# ") #!% 7 ) :3 /'3 &"#$,/,"#1( $,-/2,:./,"# ") $ !% 7 ' :3 /'3 9",#/ &"#$,/,"#1(
$,-/2,:./,"# ") %#&$ & !% 1#$ & :3 /'3 -.55"2/ ") % 4 <--.+3 /'1/ ( 1#$ ) 123 &"#/,#.".- ,# *
1#$ ,4 6'3# /'323 3E,-/- 1 .#,F.3 &"#$,/,"#1( &"5.(1 1 -.&' /'1/
'%*& ,!+& ' 1%( %*!+&&)%,!+&!+&& ) %*& ,& $ (!' (! 1#$ 31&' + $& YVZ
G"#032-3(B7 ,) 83 (3/ ( :3 /'3 &"#$,/,"#1( $,-/2,:./,"# ") #!% 7 ) :3 /'3 &"#$,/,"#1( $,-/2,:./,"# ")
$ !% 7 1#$ 1 :3 1 &"#$,/,"#1( &"5.(17 /'3# /'3 ).#&/,"# ' $3!#3$ :B 3F.1/,"# HCI ,- 1 &"#$,/,"#1(
:,012,1/3 $,-/2,:./,"# ).#&/,"# 8,/' &"#$,/,"#1( +12;,#1( $,-/2,:./,"#- ( 1#$ )4
X- &* -2$ /"'<$.*$ "H -2$ -2$".$, 3@"<$ -23- &* -2$ ,"*- &'-$.$*-&'( H". ,E%-&<3.&3-$ #$'*&-+
,"#$%%&'(9 X- &,6%&$* -23- 7$ ,3+ %&'I -"($-2$. 1#B -7" E'&<3.&3-$ #&*-.&@E-&"'*A "H 3'+ -+6$
Y'"- '$/$**3.&%+ H.", -2$ *3,$ H3,&%+ZA 7&-2 1#B /"6E%3 3'# 7$ 7&%% 23<$ #$"'$# 3 <3%&# @&<3.&3-$
#&*-.&@E-&"'9 C2$ E*$HE%'$** "H -2&* .$*E%- *-$,* H.", -2$ H3/- -23- 72&%$ &' -2$ $/"'",&/* 3'#
*-3-&*-&/* %&-$.3-E.$* 7$ 23<$ 3 <3*- *$%$/-&"' "H !$1&@%$ 63.3,$-.&/ E'&<3.&3-$ #&*-.&@E-&"'*A -2$
*$- "H 63.3,$-.&/ ,E%-&<3.&3-$ #&*-.&@E-&"'* 3<3&%3@%$ &* ,E/2 *,3%%$.9 G&-2 MI%3.N* -2$".$, -2$
*$- "H 6"**&@%$ 63.3,$-.&/ @&<3.&3-$ #&*-.&@E-&"'* &* &'/.$3*$# *E@*-3'-&3%%+A -2"E(2 "H /"E.*$ '"-
3%% "H -2$*$ #&*-.&@E-&"'* 7&%% @$ E*$HE% $,6&.&/3%%+9 G&-2 3 /"."%%3.+ -" MI%3.N* -2$".$,A (&<$' &'
^$%*$' YD???Z H". $13,6%$A -2$ *$- "H 6"**&@%$ 63.3,$-.&/ ,E%-&<3.&3-$ #&*-.&@E-&"'* &'/.$3*$* $<$'
HE.-2$.A 3* 7$ 3.$ 3@%$ -" $1-.3/- -2$ /"6E%3 H.", 3'+ (&<$' ,E%-&<3.&3-$ #&*-.&@E-&"' 3'# E*$ &-
&'#$6$'#$'-%+ "H -2$ ,3.(&'3% #&*-.&@E-&"'* "H -2$ ".&(&'3% #&*-.&@E-&"'9 C2&* /"."%%3.+ 3%%"7* E* -"
$1-.3/-A H". $13,6%$A -2$ f'".,3% /"6E%3N H.", 3 *-3'#3.# @&<3.&3-$ '".,3% #&*-.&@E-&"'9
C2$ "'%+ /",6%&/3-&"' &'-."#E/$# 72$' $1-$'#&'( MI%3.N* -2$".$, -" /"'#&-&"'3% #&*-.&@E-&"'* &*
-23- -2$ /"'#&-&"'&'( <3.&3@%$Y*ZA% A ,E*- @$ -2$ *3,$ H". @"-2 ,3.(&'3% #&*-.&@E-&"'* 3'# -2$ /"6O
E%39 C2&* &* &,6".-3'- &' -2$ /"'*-.E/-&"' "H /"'#&-&"'3% #$'*&-+ ,"#$%* E*&'( /"6E%3 -2$".+9 ;3&%E.$
e
-" E*$ -2$ *3,$ /"'#&-&"'&'( <3.&3@%$ H".( A ) 3'# 1 7&%%A &' ($'$.3%A %$3# -" 3 H3&%E.$ "H -2$ HE'/-&"'
' -" *3-&*H+ -2$ /"'#&-&"'* H". &- -" @$ 3 K"&'- /"'#&-&"'3% #&*-.&@E-&"' HE'/-&"'9 ;". $13,6%$A *3+
7$ /"'#&-&"' # "' %!A $ "' %"A 3'# -2$ /"6E%3 "' %%!&%"&A 3'# -2$' *6$/&H+ 0' %*& ,!%!&%"& '
1%( %*!%!&& )%,!%"&!%!&%"&9 C2$' 0' %*&!!%!&%"& ' 1%( %*!%!&& +!%!&%"& ' ( %*!%!&A -2$
/"'#&-&"'3% #&*-.&@E-&"' "H#!%!A 72&/2 &* -2$ /"'#&-&"'3% ,3.(&'3% #&*-.&@E-&"' "H %#&$ & !%!9 _E-
0' %!& ,!%!&%"& ' 1%+& ) %,& !%"& !%!&%"& ' ) %,& !%"&A -2$ /"'#&-&"'3% #&*-.&@E-&"' "H $ !%"A
72&/2 &* -2$ /"'#&-&"'3% ,3.(&'3% #&*-.&@E-&"' "H %#&$ & !%"9 C2E* -2$ HE'/-&"' 0' 7&%% #"/ @$ -2$
K"&'- #&*-.&@E-&"' "H %#&$ & ! %%!&%"& &' ($'$.3%9
C2$ "'%+ /3*$ 72$' 0' 7&%% @$ -2$ K"&'- #&*-.&@E-&"' "H %#&$ & ! %%!&%"& &* 72$' ( %*!%!& '
( %*!%!&%"& 3'# ) %,& !%"& ' ) %,& !%!&%"&9 )%-2"E(2 -2&* &* "@<&"E*%+ 3 *6$/&3% /3*$A &- &* '"-
E'/",,"' -" "'# -23- /$.-3&' <3.&3@%$* 3!$/- -2$ /"'#&-&"'3% #&*-.&@E-&"' "H "'$ <3.&3@%$ @E- '"-
-2$ "-2$.A 3'# -2E* -2&* /"'#&-&"' &* *3-&*"$#9 ;". $13,6%$A &' "E. $,6&.&/3% 366%&/3-&"' 7$ "'#
-23-A /"'#&-&"'3% "' %3(* "H -2$ 5!OLM5 $1/23'($ .3-$A %3(* "H -2$ J$'OLM5 $1/23'($ .3-$ #" '"-
&,63/- -2$ #&*-.&@E-&"' "H -2$ 5!OLM5 $1/23'($ .3-$9 M&,&%3.%+A %3(* "H -2$ 5!OLM5 $1/23'($ .3-$
#" '"- 3!$/- -2$ J$'OLM5 $1/23'($ .3-$A /"'#&-&"'3% "' %3(* "H -2$ J$'OLM5 $1/23'($ .3-$9 C2E*
&' "E. /3*$ -2$ 3@"<$ /"'#&-&"' &* *3-&*"$#A -2"E(2 &- ,E*- @$ -$*-$# &' $3/2 *$63.3-$ 366%&/3-&"'9
C2$ #$'*&-+ HE'/-&"' $dE&<3%$'- "H YVZ &* E*$HE% H". ,31&,E, %&I$%&2""# $*-&,3-&"'A 3'# &* $3*&%+
"@-3&'$# 6."<&#$# -23- ( 3'# ) 3.$ #&!$.$'-&3@%$ 3'# ' 3'# 1 3.$ -7&/$ #&!$.$'-&3@%$9










5"1 %( %*!+& & ) %,!+& !+&
5:5;
2 %*& ,!+& " / %*!+& % 3 %,!+& % - %:& ;!+& & ) %*& ,& +& $ (!' (!'&A *" YFZ
($% ' ($ / (% / (# YWZ
72$.$ : " ( %*!+&A 3'# ; " ) %,!+&A ($% " 123 2 %*& ,!+& & ($ " 123 / %*!+&A (% " 123 3 %,!+& &
3'# (# " 123 - %:& ;!+&9
> ,-. /&#'*$*&#01 3.2.#'.#). =.$?..# $-. @0%; 0#' $-. A.#
X' -2&* *$/-&"' 7$ 366%+ -2$ -2$".+ "H /"'#&-&"'3% /"6E%3* -" -2$ ,"#$%%&'( "H -2$ /"'#&-&"'3%
@&<3.&3-$ #&*-.&@E-&"' "H -2$ #3&%+ 5$E-*/2$ ,3.I O L9M9 #"%%3. 3'# 8363'$*$ +$' O L9M9 #"%%3.
$1/23'($ .3-$ .$-E.'* "<$. -2$ 6$.&"# 83'E3.+ >A D??D -" 5$/$,@$. VDA >BBD9 C2&* .$6.$*$'-*
-2$ 6"*-OE'&"/3-&"' $.3 &' R$.,3'+ Y03*- 3'# G$*- R$.,3'+ 7$.$ E'&-$# &' %3-$ D?e?A 3'# *",$
?
"'3'/&3% &'-$(.3-&"' 73* *-&%% @$&'( /3..&$# "E- #E.&'( D??BZ 3'# &'/%E#$* -2$ ".*- -2.$$ +$3.* "H
-2$ $E."N* .$&(' 3* -2$ ""/&3% /E..$'/+ "H R$.,3'+c9 C2$ J$'OLM5 3'# 5!OLM5 Y$E."OLM5 *&'/$
D???Z $1/23'($ .3-$* 3.$ -2$ -7" ,"*- 2$3<&%+ -.3#$#A .$6.$*$'-&'( /%"*$ -" WBm "H -"-3% H".$&('
$1/23'($ -.3#&'( <"%E,$ Y*$$ -2$ _3'I H". X'-$.'3-&"'3% M$--%$,$'-*A D??h 3'# >BB>Z9 R&<$' -2$&.
*-3-E*A -2$ 5!OLM5 3'# J$'OLM5 $1/23'($ .3-$* 23<$ @$$' .$%3-&<$%+ 7&#$%+ *-E#&$#A *$$ )'#$.*$'
3'# _"%%$.*%$< YD??eZA 5&$@"%# 3/ 1(4 YD???ZA )'#$.*$' 3/ 1(4 Y>BBDZA 3,"'(*- "-2$.*9 T"7$<$. -2$.$
23* '"-A -" "E. I'"7%$#($A @$$' 3'+ &'<$*-&(3-&"' "H -2$ *+,,$-.+ "H -2$ #$6$'#$'/$ *-.E/-E.$
@$-7$$' -2$*$ $1/23'($ .3-$*9
C3@%$ D 6.$*$'-* *",$ *E,,3.+ *-3-&*-&/* "H -2$ #3-39 C2$ #3-3 7$.$ -3I$' H.", -2$ #3-3@3*$
"H 53-3*-.$3, X'-$.'3-&"'3% 3'# 3* E*E3% 7$ 3'3%+*$ -2$ %"(O#&!$.$'/$ "H $3/2 $1/23'($ .3-$9 C2$
-3@%$ *2"7* -23- '$&-2$. $1/23'($ .3-$ 23# 3 *&('&"/3'- -.$'# "<$. $&-2$. 6$.&"#A @"-2 ,$3'*
@$&'( <$.+ *,3%% .$%3-&<$ -" -2$ *-3'#3.# #$<&3-&"' "H $3/2 *$.&$*9 _"-2 *$.&$* 3%*" $12&@&- *%&(2-
'$(3-&<$ *I$7'$**A 3'# $1/$** IE.-"*&*9 C2$ 83.dE$O_$.3 -$*- "H -2$ '".,3%&-+ "H -2$ E'/"'#&-&"'3%
#&*-.&@E-&"' "H $3/2 $1/23'($ .3-$ *-."'(%+ .$K$/-* E'/"'#&-&"'3% '".,3%&-+ &' @"-2 6$.&"#*9 C2$
E'/"'#&-&"'3% /"..$%3-&"' /"$"/&$'- @$-7$$' -2$*$ -7" $1/23'($ .3-$ .$-E.'* &'#&/3-$* .$%3-&<$%+
2&(2 %&'$3. #$6$'#$'/$ 6.&". -" -2$ &'-."#E/-&"' "H -2$ $E."A 3'# 7$3I$. #$6$'#$'/$ 3H-$.73.#*9
k X^M04C C)_U0 D )_QLC T040 l
X' *6$/&H+&'( 3 ,"#$% "H -2$ @&<3.&3-$ #$'*&-+ "H 5!OLM5 3'# J$'OLM5 $1/23'($ .3-$* 7$
,E*- *6$/&H+ -2.$$ ,"#$%*= -2$ ,"#$%* H". -2$ ,3.(&'3% #&*-.&@E-&"'* "H $3/2 $1/23'($ .3-$A 3'#
-2$ ,"#$% H". -2$ /"'#&-&"'3% /"6E%39 G$ 7&%% ".*- 6.$*$'- $*-&,3-&"' 3'# (""#'$**O"HO"- -$*- .$*E%-*
H". -2$ ,3.(&'3% #&*-.&@E-&"' ,"#$%*9 G$ 7&%% -2$' 6."/$$# -" -2$ ,3&' H"/E* "H -2&* *$/-&"'= 3
#$-3&%$# *-E#+ "H -2$ .$*E%-* H". -2$ /"'#&-&"'3% /"6E%3 ,"#$%*9 G$ 7&%% $13,&'$ -2$ &,63/- "'
-2$ &'-."#E/-&"' "H -2$ $E." "' -2$ K"&'- #&*-.&@E-&"' "H -2$ 5!OLM5 3'# J$'OLM5 $1/23'($
.3-$* @+ 3%%"7&'( -2$ 63.3,$-$.* "H -2$ K"&'- #&*-.&@E-&"' -" /23'($ @$-7$$' -2$ 6.$O 3'# 6"*-O
$E." *E@*3,6%$*9 ^"-$ -23- 3%%"7&'( -2$ 63.3,$-$.* -" /23'($ 6.$O 3'# 6"*-O$E." &* $dE&<3%$'-
-" $163'#&'( -2$ &'H".,3-&"' *$- -" &'/%E#$ 3' &'#&/3-". <3.&3@%$ -23- -3I$* -2$ <3%E$ g$." &' -2$
6.$O$E." *3,6%$ 3'# "'$ &' -2$ 6"*-O$E." *3,6%$9 4$/3%% -23- -2$ *3,$ &'H".,3-&"' *$- ,E*- @$
E*$# H". @"-2 ,3.(&'* 3'# -2$ /"6E%3A ,$3'&'( -23- 7$ ,E*- -$*- H". 3 *-.E/-E.3% @.$3I &' -2$
5! ,3.(&'A -2$ J$' ,3.(&' 3'# -2$ /"6E%39 C" ,&'&,&*$ -2$ 'E,@$. "H 3##&-&"'3% 63.3,$-$.* &'
cC2$ ,3.I 73* *-&%% E*$# H". -.3'*3/-&"'* &' R$.,3'+ E'-&% -2$ $'# "H >BBDA @E- -2$ ,3.Ib$E." $1/23'($ .3-$ 73*
"1$# "' 83'E3.+ DA D???A 3'# 3%% &'-$.'3-&"'3% -.3'*3/-&"'* 7$.$ #$'",&'3-$# &' $E."*9
DB
-2$ ,"#$%*A 7$ /"'#E/-$# -$*-* H". -2$ *&('&"/3'/$ "H -2$ /23'($ &' $3/2 63.3,$-$.A 3'# &,6"*$#
/"'*-3'/+ "' -2"*$ 63.3,$-$.* -23- 7$.$ '"- *&('&"/3'-%+ #&!$.$'- &' -2$ -7" 6$.&"#*9
!31&,E, %&I$%&2""# &* -2$ '3-E.3% $*-&,3-&"' 6."/$#E.$ -" E*$ H". "E. ,"#$%*9 C2$ 6."/$#E.$
$,6%"+$# -" /"'*-.E/- -2$ K"&'- #&*-.&@E-&"' %$'#* &-*$%H '3-E.3%%+ -" ,E%-&O*-3($ $*-&,3-&"' "H -2$
,"#$%A 72$.$ 7$ $*-&,3-$ -2$ -7" ,3.(&'3% #&*-.&@E-&"' ,"#$%* *$63.3-$%+A 3'# -2$' $*-&,3-$
-2$ /"6E%3 ,"#$% &' 3 "'3% *-3($9 M$$ :3--"' Y>BBDZ H". #$-3&%*9 )%-2"E(2 $*-&,3-&'( 3%% "H -2$
/"$"/&$'-* *&,E%-3'$"E*%+ +&$%#* -2$ ,"*- $"/&$'- $*-&,3-$*A -2$ %3.($ 'E,@$. "H 63.3,$-$.* /3'
,3I$ 'E,$.&/3% ,31&,&*3-&"' "H -2$ %&I$%&2""# HE'/-&"' #&"/E%-9 L'#$. *-3'#3.# /"'#&-&"'* -2$
$*-&,3-$* "@-3&'$# 3.$ /"'*&*-$'- 3'# 3*+,6-"-&/3%%+ '".,3%9
>B! ,-. 9&'.17 8&% $-. 90%C*#01 '*7$%*=($*&#7
C2$ ,"#$%* $,6%"+$# H". -2$ ,3.(&'3% #&*-.&@E-&"'* 3.$ 6.$*$'-$# @$%"79 G$ 7&%% #$'"-$ -2$ %"(O
#&!$.$'/$ "H -2$ 5!OLM5 $1/23'($ .3-$ 3* -2$ <3.&3@%$#!A 3'# -2$ %"(O#&!$.$'/$ "H -2$ J$'OLM5
$1/23'($ .3-$ 3* -2$ <3.&3@%$ $!9
#! ' <& / =!&#!"! / >! YhZ







% >! ! 99. !(! YeZ
$! ' <) / =!)$!"! / =!#)$!"!# / D! Y?Z







% D! ! 99. !(" YDDZ
C2$ ,3.(&'3% #&*-.&@E-&"' H". -2$ 5!OLM5 $1/23'($ .3-$ &* 3**E,$# -" @$ /",6%$-$%+ /23.3/O
-$.&*$# @+ 3' )4YDZA !OR)4STYDADZ *6$/&"/3-&"'A 72&%$ -2$ ,3.(&'3% #&*-.&@E-&"' H". -2$ J$'OLM5
$1/23'($ .3-$ &* 3**E,$# -" @$ /23.3/-$.&*$# @+ 3' )4YDADBZA !OR)4STYDADZ *6$/&"/3-&"'e9 G$
7&%% /3%% -2$ 3@"<$ *6$/&"/3-&"'* -2$ f/"6E%3 ,"#$%*N H". -2$ ,3.(&'3% #&*-.&@E-&"'*A 3* -2$+ 3.$ -"
@$ E*$# 7&-2 -2$ /"6E%3 ,"#$%* &'-."#E/$# @$%"79
C2$ 63.3,$-$. $*-&,3-$* 3'# *-3'#3.# $..".* H". ,3.(&'3% #&*-.&@E-&"' ,"#$%* 3.$ 6.$*$'-$# &'
C3@%$ >9 C3@%$ V *2"7* -23- 7$ "'%+ '$$#$# E'&<3.&3-$ ,"#$%* H". -2$*$ -7" ,3.(&'3% #&*-.&@E-&"'*=
eC2$ ,3.(&'3% #&*-.&@E-&"' *6$/&"/3-&"' -$*-*A #$*/.&@$# &' )66$'#&1 _A *E(($*-$# -23- -2$ ,"#$% H". -2$ /"'#&O
-&"'3% ,$3' "H -2$ J$'OLM5 $1/23'($ .3-$ .$-E.' '$$#$# -2$ -$'-2 3E-".$(.$**&<$ %3(9 C2$ -$'-2 %3( 73* '"- H"E'#
-" @$ &,6".-3'- H". -2$ 5!OLM5 $1/23'($ .3-$9
DD
'" %3(* "H -2$ ["-2$.] <3.&3@%$ 7$.$ *&('&"/3'- &' -2$ /"'#&-&"'3% ,$3' ". <3.&3'/$ *6$/&"/3-&"'*9
C2&* *&,6%&"/3-&"' 7&%% '"- 3%73+* 2"%#A 3'# &- *2"E%# @$ -$*-$# &' $3/2 &'#&<&#E3% /3*$9 X' -2$ 5!
,3.(&' 3%% 63.3,$-$.* $1/$6- H". -2$ #$(.$$* "H H.$$#", 63.3,$-$. /23'($# *&('&"/3'-%+ H"%%"7&'(
-2$ &'-."#E/-&"' "H -2$ $E."9 C2$ #.&H- -$., &' -2$ ,$3' &'/.$3*$# H.", B9BD -" B9BcA .$!$/-&'(
-2$ *23.6 #$6.$/&3-&"' &' -2$ $E." &' &-* ".*- -2.$$ +$3.*9 X' -2$ J$' ,3.(&' "'%+ -2$ #$(.$$* "H
H.$$#", /23'($#A H.", F9VB -" h9e>A &'#&/3-&'( 3 f-2&''&'(N "H -2$ -3&%* "H -2$ J$'OLM5 $1/23'($
.3-$9 C2$ !O*-3-&*-&/ Y6O<3%E$Z H". -2$ *&('&"/3'/$ "H #&!$.$'/$ &' -2$ #$(.$$* "H H.$$#", 63.3,$-$.*
@$-7$$' -2$ -7" $1/23'($ .3-$* 73* "")455 Y)")$!4Z H". -2$ 6.$O$E." 6$.&"# 3'# &)"#!+4 %)"!##"&
&' -2$ 6"*-O$E." 6$.&"#A &'#&/3-&'( 3 *&('&"/3'-? #&!$.$'/$ 6.&". -" -2$ @.$3IA @E- '" *&('&"/3'-
#&!$.$'/$ 3H-$.73.#*DB9 C2$ *&('&"/3'- #&!$.$'/$ &' #$(.$$* "H H.$$#", 63.3,$-$.* &' -2$ 6.$O$E."
6$.&"# &,6%&$* -23- 3 @&<3.&3-$ M-E#$'-N* ! #&*-.&@E-&"' 7"E%# '"- @$ 3 (""# ,"#$%A 3* &- &,6"*$*
-2$ *3,$ #$(.$$* "H H.$$#", 63.3,$-$. "' :"/' ,3.(&'3% #&*-.&@E-&"'*A 3'# 3%*" "' -2$ /"6E%39
k X^M04C C)_U0M > )^5 V )_QLC T040 l
;". -2$ 6E.6"*$* "H /",63.&*"' 7$ 3%*" $*-&,3-$ 3' 3%-$.'3-&<$ ,"#$% H.", -2$ $1&*-&'( %&-$.3-E.$
Y-2$ $*-&,3-&"' .$*E%-* 3.$ '"- 6.$*$'-$# &' -2$ &'-$.$*-* "H 63.*&,"'+A @E- 3.$ 3<3&%3@%$ H.", -2$
3E-2". E6"' .$dE$*-Z9 G$ ".*- ,"#$% -2$ /"'#&-&"'3% ,$3'* "H -2$ -7" $1/23'($ .3-$ .$-E.'* *$.&$*A
E*&'( -2$ ,"#$%* &' $dE3-&"'* YhZ 3'# Y?ZA 3'# -2$' $*-&,3-$ 3 !$1&@%$ ,E%-&<3.&3-$ R)4ST ,"#$%





























A ?"&'! &* -2$ /"'#&-&"'3% <3.&3'/$ "H # 3- -&,$ !A 3'# ?&)'! &* -2$ /"'#&-&"'3% /"<3.&3'/$
@$-7$$' # 3'# $ 3- -&,$ !9 G$ E*$ 3 @&<3.&3-$ *-3'#3.#&*$# M-E#$'-N* ! #&*-.&@E-&"' H". -2$ *-3'O
#3.#&*$# .$*&#E3%*9 G$ &'/%E#$ -2&* ,"#$% 3* 3 @$'/2,3.I #$'*&-+ ,"#$% "@-3&'$# E*&'( -$/2'&dE$*
6.$<&"E*%+ 6.$*$'-$# &' -2$ %&-$.3-E.$9 G2$' /"E6%$# 7&-2 @&<3.&3-$ M-E#$'-N* ! &''"<3-&"'* -2$
_0PP ,"#$% &* "'$ "H -2$ ,"*- !$1&@%$ /"'#&-&"'3% ,E%-&<3.&3-$ #&*-.&@E-&"' ,"#$%* /E..$'-%+ 3<3&%O
3@%$A 3%"'( 7&-2 -2$ ,E%-&<3.&3-$ .$(&,$ *7&-/2&'( ,"#$%A *$$ )'( 3'# _$I3$.- Y>BB>Z H". $13,6%$9
C2$ ,3&' /"*- "H -2$ _0PP ,"#$%* &* -23- -2$+ dE&/I%+ @$/",$ E'7&$%#+ &' 2&(2$. #&,$'*&"'
?)%% -$*-* &' -2&* 636$. 7&%% @$ /"'#E/-$# 3- -2$ Wm *&('&"/3'/$ %$<$%9
DBC2$ <3.&3'/$ ,3-.&1 E*$# 2$.$ 3**E,$# -2$ -&,$O<3.+&'( *+,,$-.&*$# 8"$OS%3+-"' /"6E%3 73* E*$# -" /",6%$-$
-2$ K"&'- #&*-.&@E-&"'9 )%,"*- &#$'-&/3% .$*E%-* 7$.$ "@-3&'$# 72$' -2$ -&,$O<3.+&'( '".,3% /"6E%3 73* E*$#9
D>
6."@%$,*DDA 3'# 3.$ dE&-$ #&"/E%- -" $*-&,3-$ $<$' H". @&<3.&3-$ 6."@%$,* 72$' -2$ M-E#$'-N* !
#&*-.&@E-&"' &* 3**E,$#A 3* 3%% 63.3,$-$.* "H -2&* ,"#$% ,E*- @$ $*-&,3-$# *&,E%-3'$"E*%+9 C2$
63.3,$-$.* "H -2&* ,"#$% 3.$ 3%%"7$# -" @.$3I H"%%"7&'( -2$ &'-."#E/-&"' "H -2$ $E."A 3'# 7$ 3%*"
*$$ 3 -2&''&'( "H -3&%* 2$.$= -2$ $*-&,3-$# #$(.$$* "H H.$$#", 63.3,$-$. /23'($# H.", *"#" -" 5"4"9
X' @"-2 *E@O6$.&"#* -2$ '".,3% #&*-.&@E-&"' _0PP ,"#$% 73* .$K$/-$# Y7&-2 6O<3%E$* "H B9BBBBZ
&' H3<"E. "H -2$ ,".$ !$1&@%$ M-E#$'-N* ! _0PP ,"#$%A 3'# *" 7$ H"/E* *"%$%+ "' -2$ M-E#$'-N* !
_0PP ,"#$%9
!"#$%%&'( -2$ /"'#&-&"'3% /"6E%3 .$dE&.$* -23- -2$ ,"#$%* H". -2$ ,3.(&'3% #&*-.&@E-&"'* 3.$
&'#&*-&'(E&*23@%$ H.", -2$ -.E$ ,3.(&'3% #&*-.&@E-&"'*9 XH 7$ E*$ 3 ,&*O*6$/&"$# ,"#$% H". -2$ ,3.O
(&'3% #&*-.&@E-&"'* -2$' -2$ 6."@3@&%&-+ &'-$(.3% -.3'*H".,* 7&%% '"- @$ L'&H".,%)& +&A 3'# *" 3'+
/"6E%3 ,"#$% 7&%% 3E-",3-&/3%%+ @$ ,&*O*6$/&"$#A @+ :."6"*&-&"' D9 C2E* -$*-&'( H". ,3.(&'3% #&*O
-.&@E-&"' ,"#$% ,&*O*6$/&"/3-&"' &* 3 /.&-&/3% *-$6 &' /"'*-.E/-&'( ,E%-&<3.&3-$ #&*-.&@E-&"' ,"#$%*
E*&'( /"6E%3*9 )66$'#&1 _ "E-%&'$* *",$ ,$-2"#* H". /"'#E/-&'( *E/2 -$*-*9
X' C3@%$ F 7$ 6.$*$'- -2$ U! -$*-* H". *$.&3% &'#$6$'#$'/$ "H -2$ 6."@3@&%&-+ &'-$(.3% -.3'*O
H".,*A 6 3'# 7 A 3'# -2$ P"%,"("."<OM,&.'"< YPOMZ -$*-* "H -2$ #$'*&-+ *6$/&"/3-&"'9 C2$ _0PP
,3.(&'3% #&*-.&@E-&"' ,"#$%* 3'# -2$ /"6E%3O@3*$# ,3.(&'3% ,"#$%* 63** -2$ U! 3'# PM -$*-* 3-
-2$ B9BW %$<$%A -2"E(2 -2$ _0PP ,"#$% 7"E%# H3&% -2.$$ "H -2$ PM -$*-* 3- -2$ B9DB %$<$%9 G$ 3%*"
$,6%"+ -2$ 2&- -$*-* #&*/E**$# &' )66$'#&1 _ -" /2$/I H". -2$ /"..$/-'$** "H -2$ *6$/&"/3-&"' &'
63.-&/E%3. .$(&"'* "H -2$ *E66".-D>9 X' -2$ &'-$.$*-* "H 63.*&,"'+ 7$ 6.$*$'- "'%+ -2$ K"&'- 2&- -$*-
.$*E%-*j -2$ .$*E%-* H". -2$ &'#&<&#E3% .$(&"'* 3.$ 3<3&%3@%$ "' .$dE$*-9 )%% ,"#$%* 63** -2$ K"&'- 2&-
-$*- 3- -2$ B9BW %$<$%A -2"E(2 -2$ _0PP ,"#$% H". -2$ J$' 7"E%# H3&% 3- -2$ B9DB %$<$%9
k X^M04C C)_U0 F )_QLC T040 l
DDP$3.'$+ 3'# :3--"' Y>BBBZ $*-&,3-$# 3 "<$O#&,$'*&"' _0PP ,"#$% "' 0E."6$3' $1/23'($ .3-$*9 G$ 23<$ '"-
*$$' 3'+ 366%&/3-&"'* "H -2$ _0PP ,"#$% -" 6."@%$,* "H 2&(2$. #&,$'*&"'* -23' -2&*9
D>G$ E*$ "<$ .$(&"'*= -2$ %"7$. DBm -3&%A -2$ &'-$.<3% H.", -2$ DB#$ -" -2$ >W#$ dE3'-&%$A -2$ &'-$.<3% H.", -2$
>W#$ -" -2$ cW#$ dE3'-&%$A -2$ &'-$.<3% H.", -2$ cW#$ -" -2$ ?B#$ dE3'-&%$A 3'# -2$ E66$. DBm -3&%9 C2$*$ .$(&"'*
.$6.$*$'- $/"'",&/3%%+ &'-$.$*-&'( *E@*$-* "H -2$ *E66".- O -2$ E66$. 3'# %"7$. -3&%* 3.$ '"-".&"E*%+ #&"/E%- -" "-A 3'#
*" /2$/I&'( H". /"..$/- *6$/&"/3-&"' -2$.$ &* &,6".-3'-A 72&%$ -2$ ,&##%$ WBm "H -2$ *E66".- /"'-3&'* -2$ f3<$.3($N
"@*$.<3-&"'*9 G$ E*$ 3* .$(.$**".* Yf*%#N &' -2$ '"-3-&"' "H )66$'#&1 _Z 3 /"'*-3'-A -" /2$/I -23- -2$ ,"#$% &,6%&$*
-2$ /"..$/- 6."6".-&"' "H 2&-*A 3'# -2.$$ <3.&3@%$* -23- /"E'- -2$ 'E,@$. "H 2&-* &' -23- .$(&"'A 3'# -2$ /"..$*6"'#&'(
.$(&"' "H -2$ "-2$. <3.&3@%$A &' -2$ %3*- DA W 3'# DB #3+*A -" /2$/I -23- -2$ ,"#$% #+'3,&/* 3.$ /"..$/-%+ *6$/&"$#9




# *%# " ,% 9
DV
>B+ ,-. 9&'.17 8&% $-. )&2(10
!3'+ "H -2$ /"6E%3* 6.$*$'-$# &' -2$ *-3-&*-&/* %&-$.3-E.$ 3.$ @$*- *E&-$# -" <3.&3@%$* -23- -3I$
"' K"&'- $1-.$,$ <3%E$* &' "'%+ "'$ #&.$/-&"'= *E.<&<3% -&,$* YS%3+-"'A D?ceZA /"'/$'-.3-&"'* "H
63.-&/E%3. /2$,&/3%* YS""I 3'# 8"2'*"'A D?eDZ ". !""# #3-3 YQ3I$*A D?e?Z9 0dE&-+ .$-E.'* 23<$
@$$' H"E'# -" -3I$ "' K"&'- '$(3-&<$ $1-.$,$* ,".$ "H-$' -23' K"&'- 6"*&-&<$ $1-.$,$*A %$3#&'( -"
-2$ "@*$.<3-&"' -23- f*-"/I* -$'# -" /.3*2 -"($-2$. @E- '"- @"", -"($-2$.N9 ^" *E/2 $,6&.&/3%
$<&#$'/$ &* +$- 3<3&%3@%$ H". $1/23'($ .3-$*A 3'# -2$ 3*+,,$-.&/ /$'-.3% @3'I @$23<&"E. 3'# /E.O
.$'/+ 6".-H"%&" .$O@3%3'/&'( *-".&$* (&<$' &' -2$ &'-."#E/-&"' /"E%# %$3# -" 3*+,,$-.&/ #$6$'#$'/$
@$-7$$' $1/23'($ .3-$* &' $&-2$. #&.$/-&"'9 C2&* /",6$%* E* -" @$ !$1&@%$ &' *$%$/-&'( 3 /"6E%3 -"
E*$= &- *2"E%# 3%%"7 H". 3*+,,$-.&/ #$6$'#$'/$ &' $&-2$. #&.$/-&"'A 3'# *2"E%# '$*- *+,,$-.&/ #$O
6$'#$'/$ 3* 3 *6$/&3% /3*$9 G$ 7&%% *6$/&H+ 3'# $*-&,3-$ -7" 3%-$.'3-&<$ /"6E%3*A -2$ f*+,,$-.&*$#
8"$OS%3+-"'N /"6E%3 3'# -2$ '".,3% Y". R3E**&3'Z /"6E%3A @"-2 7&-2 3'# 7&-2"E- -&,$ <3.&3-&"'9
C2$ '".,3% /"6E%3 ,3+ @$ /"'*&#$.$# -2$ @$'/2,3.I /"6E%3 &' $/"'",&/*A -2"E(2 S2$'A 3/ 1(4
Y>BBFZ "'# $<&#$'/$ 3(3&'*- -2$ @&<3.&3-$ '".,3% /"6E%3 H". ,3'+ $1/23'($ .3-$*9 C2$ .$3*"'
H". "E. &'-$.$*- &' -2$ *+,,$-.&*$# 8"$OS%3+-"' *6$/&"/3-&"' &* -23- 72&%$ &- '$*-* *+,,$-.+ 3* 3
*6$/&3% /3*$A &- #"$* '"- &,6"*$ *+,,$-.&/ #$6$'#$'/$ "' -2$ <3.&3@%$* %&I$ -2$ '".,3% /"6E%39
>B+B! ,-. 7D99.$%*7.' E&.F/10D$&# )&2(10
C2$ ".*- /"6E%3 -23- 7&%% @$ E*$# &* 3 ,"#&"/3-&"' "H -2$ f__cN /"6E%3 "H 8"$ YD??cZ9 G$ .$H$.
-" -2$ __c /"6E%3 3* -2$ 8"$OS%3+-"' /"6E%3A 3* &- &* /"'*-.E/-$# @+ -3I&'( 3 63.-&/E%3. U36%3/$
-.3'*H".,3-&"' "H S%3+-"'N* /"6E%39 C2$ 8"$OS%3+-"' /"6E%3 &*=
1*#%:& ;!J

















3'# J+ $ %)& +& A J, $ %)& +& YDFZ
C2$ 8"$OS%3+-"' /"6E%3 23* -7" 63.3,$-$.*A J+ 3'# J,A 72&/2 3.$ ,$3*E.$* "H #$6$'#$'/$
I'"7' 3* /1,( $353#$3#&39 C2$*$ ,$3*E.$* "H #$6$'#$'/$ 3.$ #$"'$# @$%"79
3.!#*$*&# + @) /'3 (,+,/
167
0##
89 -6 ( >!7 ( >. ' 167
0##
89 -7 ( >!6 ( >. ' 167
0##
1 %>& >& L> ' J,
DF
3E,-/-7 /'3# /'3 &"5.(1 1 3E',:,/- ("832 /1,( $353#$3#&3 ,) J, $ %)& +. 1#$ #" ("832 /1,( $353#=
$3#&3 ,) J, ' )" %,+,(12(B7 ,) /'3 (,+,/
167
1#!
89 -6 N O!7 N O. ' 167
1#!
89 -7 N O!6 N O. ' 167
1#!
%+& "O / 1 %O& O&& L %+& O& ' J+
3E,-/-7 /'3# /'3 &"5.(1 1 3E',:,/- .5532 /1,( $353#$3#&3 ,) J+ $ %)& +. 1#$ #" .5532 /1,( $353#=
$3#&3 ,) J+ ' )"
C3&% #$6$'#$'/$ /36-E.$* -2$ @$23<&"E. "H -2$ .3'#", <3.&3@%$* #E.&'( $1-.$,$ $<$'-*9 X'O
H".,3%%+A &' "E. 366%&/3-&"'A &- ,$3*E.$* -2$ 6."@3@&%&-+ -23- 7$ 7&%% "@*$.<$ 3' $1-.$,$%+ %3.($
#$6.$/&3-&"' Y366.$/&3-&"'Z "H -2$ J$' 3(3&'*- -2$ LM5A (&<$' -23- -2$ 5! 23* 23# 3' $1-.$,$%+
%3.($ #$6.$/&3-&"' Y366.$/&3-&"'Z 3(3&'*- -2$ LM59 ^"-$ -23- &- #"$* '"- ,3--$. 72&/2 "H -2$ -7"
/E..$'/&$* "'$ /"'#&-&"'* "' -2$ #"%%3. 23<&'( 366.$/&3-$#b#$6.$/&3-$# 3(3&'*-9 C2$ '".,3% /"6E%3
23* J+ ' J, ' ) H". /"..$%3-&"' %$** -23' "'$A ,$3'&'( -23- &' -2$ $1-.$,$ -3&%* "H -2$ #&*-.&@E-&"'
-2$ <3.&3@%$* 3.$ &'#$6$'#$'-9 C2$ 8"$OS%3+-"' /"6E%3 3%%"7* @"-2 E66$. 3'# %"7$. -3&% #$6$'#$'/$
-" .3'($ 3'+72$.$ H.", g$." -" "'$ H.$$%+ "H $3/2 "-2$.9
Q'$ ,3K". #.37@3/I "H -2$ 8"$OS%3+-"' /"6E%3 &* -23- $<$' 72$' -2$ -7" -3&% #$6$'#$'/$
,$3*E.$* 3.$ $dE3% -2$.$ &* *-&%% *",$ Y*%&(2-Z 3*+,,$-.+ &' -2$ 8"$OS%3+-"' /"6E%3A #E$ *&,6%+ -"
-2$ HE'/-&"'3% H"., "H -2&* /"6E%39 ) ,".$ #$*&.3@%$ 3%-$.'3-&<$ 7"E%# 23<$ -2$ -3&% #$6$'#$'/$
,$3*E.$* /",6%$-$%+ #$-$.,&'&'( -2$ 6.$*$'/$ ". 3@*$'/$ "H 3*+,,$-.+9 C" -2&* $'#A 7$ 6."6"*$
-2$ f*+,,$-.&*$# 8"$OS%3+-"'N /"6E%3=
12*#
$










+& :& +& ;!J,& J+
%
/ :/ ; & +
%
YDWZ
C2$ *+,,$-.&*$# 8"$OS%3+-"' YM8SZ /"6E%3 &* /%$3.%+ "'%+ 3 *%&(2- ,"#&"/3-&"' "H -2$ ".&(&O
'3% 8"$OS%3+-"' /"6E%3A @E- @+ /"'*-.E/-&"' &- &* *+,,$-.&/ 72$' J+ ' J,9 ;.", 3' $,6&.&/3%
6$.*6$/-&<$ -2$ H3/- -2$ M8S /"6E%3 '$*-* *+,,$-.+ 3* 3 *6$/&3% /3*$ ,3I$* &- 3 ,".$ &'-$.$*-&'(
*6$/&"/3-&"' -23' -2$ 8"$OS%3+-"' /"6E%39
>B+B+ 60%09.$.%*7*#C $*9.FG0%*0$*&# *# $-. )&#'*$*&#01 )&2(10B
C2$.$ 3.$ ,3'+ 73+* "H /36-E.&'( 6"**&@%$ -&,$ <3.&3-&"' &' -2$ /"'#&-&"'3% /"6E%39 G$ 7&%%
3**E,$ -23- -2$ HE'/-&"'3% H"., "H -2$ /"6E%3 .$,3&'* "1$# "<$. -2$ *3,6%$ 72&%$ -2$ 63.3,$-$.*
<3.+ 3//".#&'( -" *",$ $<"%E-&"' $dE3-&"'9 C2&* &* &' -2$ *6&.&- "H T3'*$'N* YD??FZ f3E-".$(.$**&<$
/"'#&-&"'3% #$'*&-+N ,"#$%9 )' 3%-$.'3-&<$ -" -2&* 366."3/2 ,3+ @$ -" 3%%"7 3%*" H". -&,$ <3.&3-&"'
&' -2$ HE'/-&"'3% H"., E*&'( 3 .$(&,$ *7&-/2&'( /"6E%3 ,"#$%A 3* &' 4"#.&(E$g Y>BBVZ H". $13,6%$9
G$ #" '"- $16%".$ -2&* 6"**&@&%&-+ 2$.$9
DW
C2$ #&"/E%-+ &' *6$/&H+&'( 2"7 -2$ 63.3,$-$.* $<"%<$ "<$. -&,$ %&$* &' #$"'&'( -2$ H"./&'(
<3.&3@%$ H". -2$ $<"%E-&"' $dE3-&"'9 L'%$** -2$ 63.3,$-$. 23* *",$ &'-$.6.$-3-&"'A 3* -2$ 63.3,$-$.*
"H -2$ R3E**&3' 3'# M8S /"6E%3* #"A &- &* <$.+ #&"/E%- -" I'"7 723- ,&(2- Y". *2"E%#Z &'!E$'/$
&- -" /23'($9 G$ 6."6"*$ -2$ H"%%"7&'( $<"%E-&"' $dE3-&"'* H". -2$ M8S /"6E%3=
J+! ' "
%
&@+ / A+J+!"! / B+ % ++)
!#*
3$!





&@, / A,J,!"! / B, % ++)
!#*
3$!
!:!"3 & ;!"3 !
'
( YDcZ
72$.$ " %*& " %+ / G"&&
"!
&* -2$ %"(&*-&/ -.3'*H".,3-&"'A E*$# -" I$$6 J+ 3'# J, &' %)& +& 3- 3%%
-&,$*9
X' -2$ 3@"<$ $dE3-&"'* 7$ 6."6"*$ -23- -2$ E66$. 3'# %"7$. -3&% #$6$'#$'/$ 63.3,$-$.* $3/2
H"%%"7 *",$-2&'( 3I&' -" 3 .$*-.&/-$# )4!)YDADBZ 6."/$**9 C2$ .&(2- 23'# *&#$ "H -2$ ,"#$% H".





3 H"./&'( <3.&3@%$9 X#$'-&H+&'( 3 H"./&'( <3.&3@%$ H". 3 -&,$O<3.+&'( %&,&- 6."@3@&%&-+ &* *",$723-
#&"/E%-9 G$ 6."6"*$ E*&'( -2$ ,$3' 3@*"%E-$ #&!$.$'/$ @$-7$$' :! 3'# ;! "<$. -2$ 6.$<&"E* -$'
"@*$.<3-&"'* 3* 3 H"./&'( <3.&3@%$DV9 C2$ $16$/-3-&"' "H -2&* #&*-3'/$ ,$3*E.$ &* &'<$.*$%+ .$%3-$#
-" -2$ /"'/".#3'/$ ".#$.&'( "H /"6E%3*j E'#$. 6$.H$/- 6"*&-&<$ #$6$'#$'/$ &- 7&%% $dE3% g$."A E'#$.
&'#$6$'#$'/$ &- $dE3%* DbVA 3'# E'#$. 6$.H$/- '$(3-&<$ #$6$'#$'/$ &- $dE3%* Db>9
C2$ *$/"'# /"6E%3 /"'*&#$.$#A -2$ '".,3% /"6E%3A &* -2$ #$6$'#$'/$ HE'/-&"' 3**"/&3-$# 7&-2














&%Q" & "4QR/ R"&
"%+& 4"&
.
.Q .RA & + S 4 S + YDeZ












DV) H$7 <3.&3-&"'* "' -2&* H"./&'( <3.&3@%$ 7$.$ -.&$#A *E/2 3* 7$&(2-&'( -2$ "@*$.<3-&"'* @+ 2"7 /%"*$ -2$+ 3.$ -"
-2$ $1-.$,$*A ". @+ E*&'( 3' &'#&/3-". <3.&3@%$ H". 72$-2$. -2$ "@*$.<3-&"' 73* &' -2$ ".*-A *$/"'#A -2&.# ". H"E.-2
dE3#.3'-9 ^" *&('&"/3'- &,6."<$,$'- 73* H"E'#A 3'# *" 7$ 23<$ $%$/-$# -" E*$ -2$ *&,6%$*- ,"#$%9
Dh
72$.$ 0" %*& " %+& G"&& %+ / G"&&
"!
&* -2$ ,"#&"$# %"(&*-&/ -.3'*H".,3-&"'A #$*&('$# -" I$$6 4! &'
%&+& +& 3- 3%% -&,$*9 0dE3-&"' YD?Z .$<$3%* -23- 7$ 3(3&' 3**E,$ -23- -2$ /"6E%3 63.3,$-$. H"%%"7*
3' )4!)YDADBZO-+6$ 6."/$**= 7$ &'/%E#$ 4!"! 3* 3 .$(.$**". -" /36-E.$ 3'+ 6$.*&*-$'/$ &' -2$
#$6$'#$'/$ 63.3,$-$.A 3'# -2$ ,$3' "H -2$ 6."#E/- "H -2$ %3*- -$' "@*$.<3-&"'* "H -2$ -.3'*H".,$#
<3.&3@%$* #"! %:!"3& 3'# #
"! %;!"3&A -" /36-E.$ 3'+ <3.&3-&"' &' #$6$'#$'/$
DF9
>B> H.7(1$7 8&% $-. )&2(107
G$ '"7 6.$*$'- -2$ ,3&' .$*E%-* "H -2&* 636$.= -2$ $*-&,3-&"' .$*E%-* H". -2$ '".,3% 3'# *+,O
,$-.&*$# 8"$OS%3+-"' YM8SZ ,"#$%*9 ;". -2$ 6E.6"*$* "H /",63.&*"' 7$ 3%*" 6.$*$'- -2$ .$*E%-*
H". -2$*$ -7" /"6E%3* 72$' '" -&,$ <3.&3-&"' &' -2$ /"6E%3 63.3,$-$.* &* 3**E,$#9 X- *2"E%# @$
6"&'-$# "E-A -2"E(2A -23- '$&-2$. "H -2$*$ /"6E%3* 3.$ /%"*$# E'#$. -$,6".3% 3((.$(3-&"'A *" &H -2$
/"'#&-&"'3% /"6E%3 "H %#!& $!& &* '".,3% ". M8SA -2$ E'/"'#&-&"'3% /"6E%3 7&%% '"- &' ($'$.3% @$
'".,3% ". M8S9 C2$ $*-&,3-&"' .$*E%-* 3.$ 6.$*$'-$# &' C3@%$ W9DW
k X^M04C C)_U0 W )_QLC T040 l
)%% "H -2$ 63.3,$-$.* &' -2$ -&,$O<3.+&'( '".,3% /"6E%3 7$.$ H"E'# -" *&('&"/3'-%+ /23'($
H"%%"7&'( -2$ &'-."#E/-&"' "H -2$ $E."A 3'# 3 -$*- "H -2$ *&('&"/3'/$ "H 3 @.$3I H". -2&* /"6E%3
+&$%#$# 3 6O<3%E$ "H )"))))9 L*&'( dE3#.3-E.$Dh 7$ /",6E-$# -2$ &,6%&$# -&,$ 63-2 "H /"'#&-&"'3%
/"..$%3-&"' @$-7$$' -2$ -7" $1/23'($ .3-$*A 3'# 6.$*$'- -2$ .$*E%-* &' ;&(E.$ >9 C2&* "(E.$ *2"7*
dE&-$ /%$3.%+ -2$ *-.E/-E.3% @.$3I &' #$6$'#$'/$ -23- "//E..$# E6"' -2$ &'-."#E/-&"' "H -2$ $E."9
C2$ %$<$% 3'# -2$ #+'3,&/* "H Y%&'$3.Z #$6$'#$'/$ @"-2 /%$3.%+ /23'($9 C2$ 6O<3%E$ H.", -2$ -$*-
H". 3 /23'($ &' %$<$% "'%+ 73* )"))))A 3'# -2$ 6O<3%E$ H.", 3 -$*- H". 3 /23'($ &' #+'3,&/* (&<$'
3 /23'($ &' %$<$% 73* )")))+A /"'".,&'( -2&* /"'/%E*&"'9
DF)<$.3(&'( !"! !-#"%" " !
"! !.#"%" "<$. -2$ 6.$<&"E* -$' %3(* 73* #"'$ -" I$$6 -2$ /"6E%3 *6$/&"/3-&"' 2$.$
/",63.3@%$ 7&-2 -23- "H -2$ -&,$O<3.+&'( *+,,$-.&*$# 8"$OS%3+-"' /"6E%39
DWC2$ 63.3,$-$.* "H -2$ /"'*-3'- M8S /"6E%3 7$.$ H"E'# -" *&('&"/3'-%+ /23'($ H"%%"7&'( -2$ &'-."#E/-&"' "H -2$



















9 M&'/$ g$." &* "' -2$ @"E'#3.+ "H -2$
63.3,$-$. *63/$ H". /& &' -2$ M8S /"6E%3A 7$ &,6"*$ /& # $ 3'# "'%+ $*-&,3-$ /' &' -2$ 6"*-O$E." 6$.&"#9
DhG$ E*$ R3E**OU$($'#.$ dE3#.3-E.$A 7&-2 -$' '"#$* H". $3/2 ,3.(&'A %$3#&'( -" 3 -"-3% "H DBB '"#$*9 M$$ 8E##
YD??eZ H". ,".$ "' -2&* -$/2'&dE$9 )%-2"E(2 -2$ '".,3% /"6E%3 &* 63.3,$-$.&*$# @+ 3 /"..$%3-&"' /"$"/&$'-A 72$'
-2$ ,3.(&'* 3.$ '"'O'".,3% -2&* /"$"/&$'- 7&%% '"- $dE3% -2$ %&'$3. /"..$%3-&"' @$-7$$' -2$ ".&(&'3% <3.&3@%$*9 G$
,E*- E*$ dE3#.3-E.$A ". *",$ "-2$. ,$-2"#A -" $1-.3/- -2$ %&'$3. /"..$%3-&"' /"$"/&$'-9
Dc
;". -2$ -&,$O<3.+&'( M8S /"6E%3 "'%+ -2$ %$<$% "H #$6$'#$'/$ 73* H"E'# -" *&('&"/3'-%+ /23'($j
-2$ #+'3,&/* "H /"'#&-&"'3% E66$. 3'# %"7$. -3&% #$6$'#$'/$ 7$.$ '"- *&('&"/3'-%+ #&!$.$'-9 C2$
*&('&"/3'/$ "H -2$ /23'($ &' %$<$% 73* )"))))9 ;". -2$ 6E.6"*$* "H /",63.&'( -2$ .$*E%-* H". -2$
M8S /"6E%3 7&-2 -2$ '".,3% /"6E%3A 7$ 6.$*$'- &' ;&(E.$ V -2$ /"'#&-&"'3% /"..$%3-&"' @$-7$$' -2$
-7" $1/23'($ .3-$* &,6%&$# @+ -2$ M8S /"6E%39 C2$ 6%"- &* *&,&%3. -" -23- &' ;&(E.$ >A 3'# -2$
/23'($ &' -2$ %$<$% "H %&'$3. /"..$%3-&"' E6"' -2$ &'-."#E/-&"' "H -2$ $E." &* 3(3&' <$.+ /%$3.9
k X^M04C ;XRL40M > )^5 V )_QLC T040 l
X' ;&(E.$* F 3'# W 7$ 6.$*$'- 6%"-* "H -2$ /"'#&-&"'3% -3&% #$6$'#$'/$ &,6%&$# @+ -2$ -&,$O
<3.+&'( M8S /"6E%3 ,"#$%9 ;&(E.$ F /"'".,* -23- -2$ /23'($ &' %&'$3. #$6$'#$'/$ 3%*" -3I$* 6%3/$






! Z #."66&'( H.", )"$$ -"
)")$ 3H-$. -2$ @.$3I9 ;&(E.$ W *2"7* -2$ #$(.$$ "H 3*+,,$-.+ &' -2$ /"'#&-&"'3% /"6E%3 @+ 6%"--&'(
-2$ #&!$.$'/$ @$-7$$' -2$ E66$. 3'# %"7$. /"'#&-&"'3% -3&% #$6$'#$'/$ ,$3*E.$* YJ+! & J
,
! Z9 L'#$.
*+,,$-.+ -2&* #&!$.$'/$ 7"E%# "H /"E.*$ @$ g$."9 X' "E. ,"#$%A E66$. Y%"7$.Z -3&% #$6$'#$'/$
,$3*E.$* -2$ #$6$'#$'/$ @$-7$$' -2$ $1/23'($ .3-$* "' #3+* 72$' -2$ J$' 3'# ,3.I 3.$ @"-2
#$6.$/&3-&'( Y366.$/&3-&'(Z 3(3&'*- -2$ LM59 QE. /"'*-3'- M8S /"6E%3 .$*E%-* *E(($*- -23- &' -2$
6.$O$E." 6$.&"# -2$ %&,&-&'( 6."@3@&%&-+ "H -2$ +$' #$6.$/&3-&'( 2$3<&%+ 3(3&'*- -2$ #"%%3.A (&<$' -23-
-2$ ,3.I 23* #$6.$/&3-$# 2$3<&%+ 3(3&'*- -2$ #"%%3.A &* 3@"E- >>m (.$3-$. -23' -2$ /"..$*6"'#&'(
366.$/&3-&"' 6."@3@&%&-+A ,$3'&'( -23- -2$ $1/23'($ .3-$* 3.$ ,".$ #$6$'#$'- #E.&'( #$6.$/&3-&"'*
3(3&'*- -2$ #"%%3. -23' #E.&'( 366.$/&3-&"'*9 C2&* #&!$.$'/$ &* *&('&"/3'- 3- -2$ B9BW %$<$%9 ;E.-2$.A
H.", ;&(E.$ W 7$ '"-$ -23- /"'#&-&"'3% E66$. -3&% #$6$'#$'/$ 73* (.$3-$. -23' /"'#&-&"'3% %"7$.
-3&% #$6$'#$'/$ "' ?>m "H #3+* &' -2$ 6.$O$E." 6$.&"#9 )* 7$ E*$# -2$ *3,$ H"./&'( <3.&3@%$
&' -2$ $<"%E-&"' $dE3-&"'* H". @"-2 E66$. 3'# %"7$. #$6$'#$'/$A 7$ /3' H".,3%%+ -$*- H". -2$
*&('&"/3'/$ "H 3*+,,$-.+ &' -2$ /"'#&-&"'3% /"6E%3 @+ -$*-&'( -23- -2$ 63.3,$-$.* "H -2$ E66$.
-3&% #$6$'#$'/$ /"$"/&$'- $dE3% -2$ 63.3,$-$.* "H -2$ %"7$. -3&% #$6$'#$'/$ /"$"/&$'-9 C2$ 6O
<3%E$ H". -2&* -$*- &* )"))5! &' -2$ 6.$O$E." *3,6%$9 C2E* "E. "'#&'( &* /"'*&*-$'- 7&-2 $16".-
/",6$-&-&<$'$** 6.$H$.$'/$ #",&'3-&'( 6.&/$ *-3@&%&-+ 6.$H$.$'/$ H". -2$ _3'I "H 8363' 3'#b". -2$
_E'#$*@3'I &' -2$ 6.$O$E." 6$.&"#A 3'# &* 3%*" /"'*&*-$'- 7&-2 -2$ /E..$'/+ 6".-H"%&" .$O@3%3'/&'(
*-".+ (&<$' &' -2$ &'-."#E/-&"'9 QH /"E.*$A -2$.$ ,3+ @$ "-2$. $16%3'3-&"'* H". "E. "'#&'(9
X' -2$ 6"*-O$E." 6$.&"# -2$ 3*+,,$-.+ &* .$<$.*$#9 C2$ /"'*-3'- M8S /"6E%3 .$*E%-* *2"7 E66$.
-3&% #$6$'#$'/$ -" @$ g$." 3'# %"7$. -3&% #$6$'#$'/$ -" @$ )")=A 72&/2 &* *&('&"/3'-%+ (.$3-$. -23'
g$." Y-2$ 6O<3%E$ &* B9BBcWZ9 ;E.-2$.A ;&(E.$ W 3%*" *2"7* -23- /"'#&-&"'3% E66$. -3&% #$6$'#$'/$
De
&* %$** -23' /"'#&-&"'3% %"7$. -3&% #$6$'#$'/$ "' $<$.+ #3+ &' -2$ 6"*-O$E." *3,6%$ Y-2"E(2 -2$ 6O
<3%E$ "' 3 -$*- "H -2$ *&('&"/3'/$ "H -2&* #&!$.$'/$ &* )"+!++Z9 C2$*$ .$*E%-* 3.$ /"'*&*-$'- 7&-2 6.&/$
*-3@&%&-+ 6.$H$.$'/$ #",&'3-&'( $16".- /",6$-&-&<$'$** 6.$H$.$'/$ H". -2$ _3'I "H 8363' 3'#b".
-2$ 0E."6$3' S$'-.3% _3'I "<$. -2$ 6"*-O$E." *3,6%$9
Q<$.3%%A 3 -$*- -23- -2$ -&,$O<3.+&'( M8S /"6E%3 &* *+,,$-.&/ "<$. -2$ $'-&.$ *3,6%$ &* .$K$/-$#A
7&-2 6O<3%E$ )")+=+A 3'# -2$ /"..$*6"'#&'( 6O<3%E$ H". -2$ /"'*-3'- M8S /"6E%3 &* )")+5*9 C2E*
7$ 23<$ *-."'( $<&#$'/$ -23- -2$ /"'#&-&"'3% #$6$'#$'/$ *-.E/-E.$ @$-7$$' -2$ 5!O#"%%3. Y$E."O
#"%%3.Z 3'# +$'O#"%%3. $1/23'($ .3-$* 73* 3*+,,$-.&/ "<$. -2$ *3,6%$ 6$.&"#A 3"'#&'( -23- 23* '"-
@$$' 6.$<&"E*%+ .$6".-$# &' -2$ $,6&.&/3% $1/23'($ .3-$ %&-$.3-E.$A 3'# "'$ -23- 7$ 7"E%# '"- 23<$
@$$' 3@%$ -" /36-E.$ 7&-2 *-3'#3.# ,E%-&<3.&3-$ #&*-.&@E-&"'* %&I$ -2$ '".,3% ". M-E#$'-N* !9 C2&*
23* 6"-$'-&3%%+ &,6".-3'- &,6%&/3-&"'* H". 6".-H"%&" #$/&*&"'* 3'# 2$#(&'( 6."@%$,* &'<"%<&'( -2$*$
$1/23'($ .3-$*A 3* &- &,6%&$* -23- %&'$3. /"..$%3-&"' &* '"- *E"/&$'- -" #$*/.&@$ -2$&. #$6$'#$'/$
*-.E/-E.$9 C2E*A H". $13,6%$A 3 2$#($ /"'*-.E/-$# E*&'( %&'$3. /"..$%3-&"' ,3+ '"- "!$. -2$ #$(.$$
"H 6."-$/-&"' &- 7"E%# E'#$. 3 ,E%-&<3.&3-$ '".,3% ". M-E#$'-N* ! #&*-.&@E-&"'9
k X^M04C ;XRL40M F )^5 W )_QLC T040 l
>BI J&&'#.77F&8F!$ $.7$7 0#' )&920%*7&#7
C2$ $<3%E3-&"' "H /"6E%3 ,"#$%* &* 3 *6$/&3% /3*$ "H -2$ ,".$ ($'$.3% 6."@%$, "H $<3%E3-&'( ,E%-&O
<3.&3-$ #$'*&-+ ,"#$%*A 72&/2 &* #&*/E**$# &' )66$'#&1 _9 X' C3@%$ h 7$ 6.$*$'- -2$ .$*E%-* "H -2$
@&<3.&3-$ f2&-N -$*-*9 G$ #&<&#$# -2$ *E66".- "H -2$ /"6E%3 &'-" *$<$' .$(&"'*A $3/2 7&-2 3' $/"'",&/
&'-$.6.$-3-&"'Dc9 G$ .$6".- "'%+ -2$ .$*E%-* "H -2$ K"&'- -$*- -23- -2$ ,"#$%* 3.$ 7$%%O*6$/&"$# &'
3%% .$(&"'*j -2$ .$*E%-* H". -2$ &'#&<&#E3% .$(&"'* 3.$ 3<3&%3@%$ "' .$dE$*-9 )%% "<$ ,"#$%* 63** 3%%
Dc4$(&"'* D 3'# > /"..$*6"'# -" -2$ %"7$. 3'# E66$. K"&'- DBm -3&%* H". $3/2 <3.&3@%$9 C2$ 3@&%&-+ -" /"..$/-%+
/36-E.$ -2$ 6."@3@&%&-+ "H @"-2 $1/23'($ .3-$* -3I&'( "' $1-.$,$ <3%E$* *&,E%-3'$"E*%+ &* "H (.$3- &,6".-3'/$ -"
6".-H"%&" ,3'3($.* 3'# ,3/."$/"'",&*-*A 3,"'(*- "-2$.*9 4$(&"'* V 3'# F .$6.$*$'- ,"#$.3-$%+ %3.($ E6 3'# #"7'
#3+*= #3+* &' 72&/2 @"-2 $1/23'($ .3-$* 7$.$ @$-7$$' -2$&. DB#$ 3'# >W#$A ". cW#$ 3'# ?B#$A dE3'-&%$*9 4$(&"' W &* -2$
f,$#&3'N .$(&"'= #3+* 72$' @"-2 $1/23'($ .3-$* 7$.$ &' -2$ ,&##%$ WBm "H -2$&. #&*-.&@E-&"'*9 4$(&"'* h 3'# c 3.$
-2$ $1-.$,$%+ 3*+,,$-.&/ #3+*A -2"*$ #3+* 72$' "'$ $1/23'($ .3-$ 73* &' -2$ E66$. >Wm "H &-* #&*-.&@E-&"' 72&%$ -2$
"-2$. 73* &' -2$ %"7$. >Wm "H &-* #&*-.&@E-&"'9 ;". -2$ K"&'- -$*- 7$ #$"'$ -2$ g$."#$ .$(&"' 3* -23- 63.- "H -2$ *E66".-




# *%# " ,% A
3'# 7$ &'/%E#$ &' *%# 3 /"'*-3'- -$.,A -" /36-E.$ 3'+ "<$.O ". E'#$.O$*-&,3-&"' "H -2$ E'/"'#&-&"'3% 6."@3@&%&-+ "H
3 2&- &' .$(&"' 0A 3'# -2.$$ <3.&3@%$* -23- /"E'- -2$ 'E,@$. "H 2&-* -23- "//E..$# &' -2$ 63*- DA W 3'# DB #3+*A -"
/36-E.$ 3'+ <&"%3-&"'* "H -2$ 3**E,6-&"' -23- -2$ 2&-* 3.$ *$.&3%%+ &'#$6$'#$'-9
D?
K"&'- -$*-* 3'# 3%% &'#&<&#E3% .$(&"' -$*-* 3- -2$ )")* %$<$%A -2"E(2 -2$ M-E#$'-N* ! _0PP ,"#$%
7"E%# H3&% -7" -$*-* 3- -2$ B9DB %$<$%9 C2E* 3%-2"E(2 -2$*$ ,"#$%* 23<$ dE&-$ #&!$.$'- &,6%&/3-&"'*
H". 3*+,,$-.&/ #$6$'#$'/$ 3'#b". $1-.$,$ -3&% #$6$'#$'/$A -2$ *6$/&"/3-&"' -$*-* 23<$ #&"/E%-+
.$K$/-&'( 3'+ "H -2$, 7&-2 -2$ *3,6%$ *&g$ 3<3&%3@%$9
k X^M04C C)_U0 h T040 l
;&'3%%+A 7$ /"'#E/-$# %&I$%&2""# .3-&" -$*-* -" /",63.$ -2$ /",6$-&'( ,"#$%*9 ^"'$ "H -2$ -&,$O
<3.+&'( ,"#$%* 3.$ '$*-$# &' "-2$. ,"#$%*A 3'# *" 7$ E*$# 4&<$.* 3'# \E"'(N* Y>BB>Z '"'O'$*-$#
%&I$%&2""# .3-&" -$*-*De9 C2$*$ -$*-* .$<$3%$# -23- '"'$ "H -2$ #&!$.$'/$* &' %&I$%&2""# <3%E$* 7$.$
*&('&"/3'- 3- -2$ B9BW ". B9DB %$<$%9 C2$ H3/- -23- @"-2 -2$ '".,3% 3'# -2$ M8S /"6E%3 ,"#$%* 63**
-2$ (""#'$**O"HO"- -$*-*A 3'# 3.$ '"- #&*-&'(E&*23@%$ E*&'( -2$ 4&<$.* 3'# \E"'( -$*- &'#&/3-$* -2$
#&"/E%-+ -2$*$ -$*-* 23<$ &' #&*-&'(E&*2&'( @$-7$$' *&,&%3. ,"#$%*A $<$' 7&-2 *E@*-3'-&3% 3,"E'-*
"H #3-39 C2&* ,3+ @$ @$/3E*$A *$$ ;&(E.$ D H". $13,6%$A -2$ ^".,3%A M-E#$'-N* ! 3'# M8S /"6E%3*
3.$ dE&-$ *&,&%3. H". -2$ /$'-.3% .$(&"' "H -2$ *E66".-j -2$ %3.($*- #&!$.$'/$* "//E. &' -2$ -3&%*A
72$.$ 7$ 23<$ %$** #3-3 -" E*$ -" #&*-&'(E&*2 @$-7$$' -2$ /",6$-&'( *6$/&"/3-&"'*9
I /&#)1(7*&#
X' -2&* 636$. 7$ &'<$*-&(3-$# 72$-2$. -2$ 3**E,6-&"' -23- $1/23'($ .3-$* 23<$ 3 *+,,$-.&/ #$6$'O
#$'/$ *-.E/-E.$ &* /"'*&*-$'- 7&-2 -2$ #3-39 ME/2 3' 3**E,6-&"' &* $,@$##$# &' -2$ 3**E,6-&"'
"H 3 @&<3.&3-$ '".,3% ". @&<3.&3-$ M-E#$'-N* ! #&*-.&@E-&"'9 4$/$'- 7".I "' $dE&-+ .$-E.'* 23*
.$6".-$# $<&#$'/$ -23- *-"/I* -$'# -" $12&@&- (.$3-$. /"..$%3-&"' #E.&'( ,3.I$- #"7'-E.'* -23'
#E.&'( ,3.I$- E6-E.'*A *$$ U"'(&' 3'# M"%'&I Y>BBDZ 3'# )'( 3'# S2$' Y>BB>Z H". $13,6%$9 4&*I
3<$.*$ &'<$*-".* 7&-2 E'/$.-3&'-+ 3@"E- -2$ *-3-$ "H -2$ 7".%# /3' @$ *2"7' -" ($'$.3-$ *E/2 3
#$6$'#$'/$ *-.E/-E.$A *$$ 4&@$&." 3'# \$."'$*& Y>BB>Z9
C2$ 3@*$'/$ "H 3'+ $,6&.&/3% ". -2$".$-&/3% (E&#3'/$ "' -2$ -+6$ "H 3*+,,$-.+ -" $16$/-
&' -2$ #$6$'#$'/$ @$-7$$' $1/23'($ .3-$* /",6$%%$# E* -" @$ !$1&@%$ &' *6$/&H+&'( 3 ,"#$% "H
-2$ #$6$'#$'/$ *-.E/-E.$9 G$ <$.&"$# -23- $1&*-&'( .$*E%-* "' /"6E%3* ,3+ @$ $1-$'#$# -" -2$
De4&<$.* 3'# \E"'( Y>BB>Z *2"7 -23-A E'#$. *",$ /"'#&-&"'*A -2$ ,$3' "H -2$ #&!$.$'/$ &' %"(O%&I$%&2""# <3%E$* H".
-7" ,"#$%* &* 3*+,6-"-&/3%%+ '".,3%9 G2$' -2$ 63.3,$-$.* "H -2$ ,"#$%* 3.$ $*-&,3-$# <&3 ,31&,E, %&I$%&2""# -2$
3*+,6-"-&/ <3.&3'/$ "H -2$ %"(O%&I$%&2""# .3-&" &* *&,6%$ -" /",6E-$j 7$ #" *" E*&'( 3 ^$7$+OG$*- YD?ecZ <3.&3'/$
$*-&,3-".9 G$ E*$ 3 <3.&$-+ "H f-.E'/3-&"' %$'(-2*N Y-2$ 'E,@$. "H %3(* E*$# -" 3//"E'- H". 3E-"/"..$%3-&"' 3'#
2$-$."*I$#3*-&/&-+Z 3'# H"E'# %&--%$ *$'*&-&<&-+9
>B
/"'#&-&"'3% /3*$A 3'# $,6%"+$# &- -" /"'*-.E/- !$1&@%$ ,"#$%* "H -2$ K"&'- #$'*&-+ "H -2$ 5$E-*/2$
,3.I O L9M9 #"%%3. 3'# J$' O L9M9 #"%%3. $1/23'($ .3-$*A "<$. -2$ 6$.&"# H.", 83'E3.+ D??D -"
5$/$,@$. >BBD9
M-3'#3.# )4O !R)4ST ,"#$%* 7$.$ $,6%"+$# H". -2$ ,3.(&'3% #&*-.&@E-&"'* "H $3/2 $1/23'($
.3-$A 3'# -7" #&!$.$'- /"6E%3* 7$.$ $*-&,3-$#= -2$ /"6E%3 3**"/&3-$# 7&-2 -2$ @&<3.&3-$ '".,3%
#&*-.&@E-&"'A 3'# -2$ f*+,,$-.&*$# 8"$OS%3+-"'N /"6E%3A 72&/2 3%%"7* H". ($'$.3% 3*+,,$-.&/ #$6$'O
#$'/$9 C&,$O<3.&3-&"' &' -2$ #$6$'#$'/$ *-.E/-E.$ @$-7$$' -2$ -7" $1/23'($ .3-$* 73* /36-E.$#
@+ 3%%"7&'( -2$ 63.3,$-$.* "H -2$ -7" /"6E%3* -" <3.+ "<$. -2$ *3,6%$ 6$.&"#A $,6%"+&'( 3' $<"O
%E-&"' $dE3-&"' *&,&%3. -" -2$ R)4ST ,"#$% H". /"'#&-&"'3% <3.&3'/$*9 ;". /",63.&*"'A 7$ 3%*"
$*-&,3-$# 3 ,"#$% E*&'( -2$ _0PP *6$/&"/3-&"' H". -2$ /"'#&-&"'3% /"<3.&3'/$ ,3-.&1 /"E6%$# 7&-2
3 @&<3.&3-$ M-E#$'-N* ! #&*-.&@E-&"' H". -2$ *-3'#3.#&*$# .$*&#E3%*9
)*+,,$-.&/ @$23<&"E. "H /$'-.3% @3'I* &' .$3/-&"' -" $1/23'($ .3-$ ,"<$,$'-* &* 3 6"**&@%$
/3E*$ "H 3*+,,$-.&/ #$6$'#$'/$= 3 #$*&.$ -" ,3&'-3&' -2$ /",6$-&-&<$'$** "H 8363'$*$ $16".-* -"
-2$ L9M9 7&-2 R$.,3' $16".-* -" -2$ L9M9 7"E%# %$3# -2$ _3'I "H 8363' -" &'-$.<$'$ -" $'*E.$ 3
,3-/2&'( #$6.$/&3-&"' "H -2$ +$' 3(3&'*- -2$ #"%%3. 72$'$<$. -2$ 5$E-*/2$ ,3.I Y5!Z #$6.$/&3-$#
3(3&'*- -2$ L9M9 #"%%3.A 3'# ($'$.3-$ *-."'($. #$6$'#$'/$ #E.&'( #$6.$/&3-&"'* "H -2$ 5! 3'# -2$
+$' 3(3&'*- -2$ #"%%3. -23' #E.&'( #$6.$/&3-&"'*9 )%-$.'3-&<$%+A 3 6.$H$.$'/$ H". 6.&/$ *-3@&%&-+ 7"E%#
%$3# -2$ _3'I "H 8363' -" &'-$.<$'$ -" $'*E.$ 3 ,3-/2&'( 366.$/&3-&"' "H -2$ +$' 3(3&'*- -2$ #"%%3.
72$'$<$. -2$ 5! 366.$/&3-$# 3(3&'*- -2$ L9M9 #"%%3.A 3'# ($'$.3-$ -2$ "66"*&-$ -+6$ "H 3*+,,$-.&/
#$6$'#$'/$9 G$ H"E'# $<&#$'/$ /"'*&*-$'- 7&-2 -2$ */$'3.&" -23- $16".- /",6$-&-&<$'$** 6.$H$.$'/$
#",&'3-$# 6.&/$ *-3@&%&-+ 6.$H$.$'/$ H". -2$ _3'I "H 8363' 3'#b". -2$ _E'#$*@3'I &' -2$ 6.$O$E."
6$.&"#A 72$.$3* 6.&/$ *-3@&%&-+ 6.$H$.$'/$ #",&'3-$# $16".- /",6$-&-&<$'$** 6.$H$.$'/$ H". -2$ _3'I
"H 8363' 3'#b". -2$ 0E."6$3' S$'-.3% _3'I "<$. -2$ 6"*-O$E." 6$.&"#9
;&'3%%+A 7$ .$6".-$# *-."'( $<&#$'/$ "H 3 *-.E/-E.3% @.$3I &' -2$ /"'#&-&"'3% /"6E%3 H"%%"7&'(
-2$ &'-."#E/-&"' "H -2$ $E." &' 83'E3.+ D???9 C2$ %$<$% "H #$6$'#$'/$ @$-7$$' -2$*$ $1/23'($
.3-$* H$%% #.3,3-&/3%%+ H"%%"7&'( -2$ @.$3IA 3'# -2$ /"'#&-&"'3% #$6$'#$'/$ *-.E/-E.$ 7$'- H.",
*&('&"/3'-%+ 3*+,,$-.&/ &' "'$ #&.$/-&"' -" 7$3I%+ 3*+,,$-.&/ &' -2$ "66"*&-$ #&.$/-&"'9
>D
K L22.#'*M LN 6%&&87
M",$ "H -2$ .$*E%-* @$%"7 3.$ *&,6%&"$# 7&-2 -2$ H"%%"7&'( %$,,3A 3#36-$# H.", ^$%*$' YD???Z9
O.990 ! !3/ *! ( *"7 ,! ( ," 1#$ +! ( +" /'3#
O&%T& " '&)" %T& ,"& +"&&'&)" %T& ,"& +!& &'&)" %T& ,!& +"& /'&)" %T& ,!& +!&
O)%T& " '&)" %*"& T& +"&&'&)" %*"& T& +!& &'&)" %*!& T& +"& /'&)" %*!& T& +!&
O"%T& " '&)" %*"& ,"& T&&'&)" %*!& ,"& T& &'&)" %*"& ,!& T& /'&)" %*!& ,!& T&
123 1(( #"#=$3&231-,#; ).#&/,"#- ") T4
6%&&8 &8 O.990 !B ;.", -2$ #$"'&-&"' "H 3 -.&<3.&3-$ #&*-.&@E-&"' HE'/-&"' 7$ I'"7 -23-
'&)" %*"& ,"& +"& & '&)" %*"& ,"& +!& &'&)" %*"& ,!& +"& /'&)" %*"& ,!& +!& ' '&)" %*!& ,"& +"& &
'&)" %*!& ,"& +!& &'&)" %*!& ,!& +"& /'&)" %*!& ,!& +!& H". 3%% *! ( *"A ,! ( ," 3'# +! ( +"9 C2E*
O& %*& &* '"'O#$/.$3*&'( &' *9 M&,&%3.%+ H". O) %,& 3'# O" %+&9
6%&&8 &8 6%&2&7*$*&# !B C2$ ".*- 6."6$.-+ &* "@<&"E*9 G$ *2"7 -2$ .$,3&'&'( 6."6$.-&$* "H
-2$ /"'#&-&"'3% /"6E%3 @+ #$.&<&'( *",$ 6."6$.-&$* "H -2$ K"&'- #&*-.&@E-&"' "H%( %#!% & & ) %$ !% & &% &9
U$- 6 " ( %#!% & 3'# 7 " ) %$ !% &9 4"*$'@%3-- YD?W>Z *2"7* -23- 6 !% ' + ! 689/ %)& +& H".
3%% + $&9 ^"-$ -23- -2&* &,6%&$* -23- -2$ E'/"'#&-&"'3% #&*-.&@E-&"' "H 6 &* 3%*" 689/UQV %)& +&9
C2&* .$*E%- 2"%#* *&,&%3.%+ H". 7 9 C2E* 1 %:& +!+& ' : 3'# 1 %+& ;!+& ' ;9
U$- -2$ K"&'- #&*-.&@E-&"' "H %6& 7&% & @$ #$'"-$# 1!A 3'# %$- -2$ K"&'- #&*-.&@E-&"' "H %6&% &
@$ #$'"-$# 01& 72&/2 &* "@-3&'$# 3* 01 %:&+& ' 1! %:& +& +&9 ^"-&/$ -23- @+ -2$ 3@"<$ .$*E%- -23-
01 %:&+& ' : % (" %+&9 C2$ /"'#&-&"'3% #&*-.&@E-&"' "H %6& 7 & !% &* (&<$' @+=
1 %:& ;!+& " /" %+&
"! % 5'1
! %:& ;& +& & H". + $&
72$.$ 5'1
! #$'"-$* -2$ 63.-&3% #$.&<3-&<$ "H1! 7&-2 .$*6$/- -" &-* -2&.# 3.(E,$'-9 G$ #" '"- 7.&-$
51! %:& ;& +& L5+ 3* : 3'# ; 3.$ 3%*" HE'/-&"'* "H +" M" 1 %:& )!+& ' /" %+&
"! %5' %1
! %:& )& +&& ' )A
3* 7 23* *E66".- %)& +& " M&,&%3.%+ H". 1 %)& ;!+&9 ;E.-2$.A






%1! %:"& ;"& +&&1
! %:!& ;"& +&&
&1! %:"& ;!& +& / 1
! %:!& ;!& +&&
/
' )
@+ U$,,3 D 3'# -2$ H3/- -23- /" &* 3 #$'*&-+ HE'/-&"'9
>>
6%&&8 &8 ,-.&%.9 !B G$ 7&%% "'%+ *2"7 -2$ 63.-* -23- #&!$. H.", -2$ 6.""H "H MI%3.N*
-2$".$, H". -2$ E'/"'#&-&"'3% /3*$9 ^"-$ -23- H.", -2$ -.&3'(%$ &'$dE3%&-+ 3'# U$,,3 >9D9W "H
^$%*$' YD???Z 7$ 23<$A H". 3'+ +!& +" $& =
!' %*"& ,"!+"&&' %*!& ,!!+!&! ( !' %*"& ,"!+"&&' %*"& ,!!+"&!
/ !' %*"& ,!!+"&&' %*!& ,!!+"&!
/ !' %*!& ,!!+"&&' %*!& ,!!+!&!
( !( %*"!+"&& ( %*!!+"&!/ !) %,"!+"&&) %,!!+"&!
/ !' %*!& ,!!+"&&' %*!& ,!!+!&!
' /" %+"&
"! %
&0000 55+ %( ! %*"& +"&& ( ! %*!& +"&&
0000
/
0000 55+ %)! %,"& +"&&)! %,!& +"&&
0000)
/
0000/" %+"&"! % 5'! %*!& ,!& +"&5+ & /" %+!&"! % 5'! %*!& ,!& +!&5+
0000
' ) 72$' *! ' *"A ,! ' ,"A 3'# +! ' +"
@+ -2$ H3/- -23- ( !A )! 3'#'! 3.$ K"&'- #&*-.&@E-&"' HE'/-&"'*A 3'# /" &* 3 #$'*&-+ HE'/-&"'9 C2E* &H
*! ' *"A ,! ' ," 3'# +! ' +" -2$' ' %*"& ,"!+"& ' ' %*!& ,!!+!&9 C2$ HE'/-&"' 1 &* #$"'$# @+ -2$
*$- "H ".#$.$# 63&.*=
1
%%( %*!+&&)%,!+&& +& & '%*& ,!+&& , %*& ,& +& $ (!' (!'&
2
9 C2$ .$,3&'#$.
"H -2$ 6.""H /3' @$ *2"7' H"%%"7&'( -2$ *-$6* "H -2$ 6.""H "H C2$".$, >9V9V &' ^$%*$' YD???Z9
P L22.#'*M QN RG01(0$*&# &8 )&#'*$*&#01 '.#7*$D 9&'.17
X' -2&* 366$'#&1 7$ "E-%&'$ ,$-2"#* H". /"'#E/-&'( (""#'$**O"HO"- -$*-* "' ,3.(&'3% #&*-.&@E-&"'
3'# /"E6%3 ,"#$%*9 )* *-3-$# &' -2$ @"#+ "H -2$ 636$.A -2$ $<3%E3-&"' "H /"6E%3 ,"#$%* &* 3 *6$/&3%
/3*$ "H -2$ ,".$ ($'$.3% 6."@%$, "H $<3%E3-&'( ,E%-&<3.&3-$ #$'*&-+ ,"#$%*9 5&$@"%#A 3/ 1(9 YD??eZA
5&$@"%#A 3/ 1(9 YD???ZA T"'( Y>BBBZA _$.I"7&-g Y>BBDZA S2$' 3'# ;3' Y>BB>Z 3'# C2",6*"' Y>BB>Z
H"/E* "' -2$ 6."@3@&%&-+ &'-$(.3% -.3'*H".,* "H -2$ #3-3 &' -2$ $<3%E3-&"' "H #$'*&-+ ,"#$%*9 G$
E*$ -2$ -$*-* "H 5&$@"%#A 3/ 1(9 YD??eZA 3'# $,6%"+ 3'"-2$. -$*-A #$*/.&@$# @$%"79




!$!A 72$.$ :! " (! %*!!%!"!& 3'#
;! " )! %,!!%!"!&A H". ! ' +& "& """& W 9 5&$@"%#A 3/ 1(9 YD??eZ *2"7$# -23- H". 3 -&,$ *$.&$* "H
6."@3@&%&-+ &'-$(.3% -.3'*H".,* 7&%% @$ 99. 689/ %)& +& &H -2$ *$dE$'/$ "H #$'*&-&$* &* /"..$/-A 3'#
6."6"*$# -$*-&'( -2$ *6$/&"/3-&"' "H 3 #$'*&-+ ,"#$% @+ -$*-&'( 72$-2$. ". '"- -2$ -.3'*H".,$#
*$.&$* 73* 99.A 3'# 689/ %)& +& &' -7" *$63.3-$ *-3($*9 G$ H"%%"7 -2&* *E(($*-&"'A 3'# -$*- -2$
>V
&'#$6$'#$'/$ "H -2$ ".*- H"E. ,",$'-* "H 6! 3'# 7!A @+ .$(.$**&'( %:! & (:&
8 3'# %;! & (;&
8 "' >B
%3(* "H @"-2 %:! & (:&
8 3'# %;! & (;&
8A H". X ' +& "& $& #" G$ -$*- -2$ 2+6"-2$*&* -23- -2$ -.3'*H".,$#
*$.&$* 3.$ 689/ %)& +& <&3 -2$ P"%,"("."<OM,&.'"< -$*-9
QE. *$/"'# -$*- /",63.$* -2$ 'E,@$. "H "@*$.<3-&"'* &' $3/2 @&' "H 3' $,6&.&/3% 2&*-"(.3,
7&-2 723- 7"E%# @$ $16$/-$# E'#$. -2$ 'E%% 2+6"-2$*&*9 5&$@"%#A 3/ 1(9 YD??eZ *E(($*- -23- *E/2
/",63.&*"'* ,3+ @$ E*$HE% H". (3&'&'( &'*&(2- &'-" 72$.$ 3 ,"#$% H3&%*A &H 3- 3%%9 G$ #$/",6"*$ -2$
#$'*&-+ ,"#$% &'-" 3 *$- "H f.$(&"'N ,"#$%* Yf&'-$.<3%N ,"#$%* &' -2$ E'&<3.&3-$ /3*$ZA $3/2 "H 72&/2
*2"E%# @$ /"..$/-%+ *6$/&"$# E'#$. -2$ 'E%% 2+6"-2$*&* -23- -2$ #$'*&-+ ,"#$% &* /"..$/-%+ *6$/&"$#9
C2$ *6$/&"/3-&"' &'-."#E/$# @$%"7 &* 3 *&,6%$ $1-$'*&"' "H -2$ f2&-N .$(.$**&"'* "H S2.&*-"!$.*$'
YD??eZ 3'# 0'(%$ 3'# !3'(3'$%%& YD???Z9 S%$,$'-* Y>BB>Z 3'# G3%%&* Y>BBVZ 23<$ 6."6"*$# *&,&%3.
$1-$'*&"'*9 G$ 7&%% #$*/.&@$ "E. ,"#&"/3-&"' @$%"7 &' 3 ($'$.3% *$--&'(A 3'# #&*/E** -2$ #$-3&%* "H
&,6%$,$'-3-&"' &' -2$ @"#+ "H -2$ 636$.9
U$- %! @$ -2$ Y6"**&@%+ ,E%-&<3.&3-$Z .3'#", <3.&3@%$ E'#$. 3'3%+*&*A 3'# #$'"-$ -2$ *E66".-
"H %! @+ )9 U$- "Y3$
9
3$# @$ .$(&"'* &' ) *E/2 -23- Y: * Y3 ' + &H 9 *' ZA 3'# #
9
3$#Y3 ' )9 U$-
P3! @$ -2$ -.E$ 6."@3@&%&-+ -23- %! $ Y3 3'# %$- 03! @$ -2$ 6."@3@&%&-+ *E(($*-$# @+ -2$ ,"#$%
D?9
;&'3%%+A %$- $! " -P#!& P!!& """& P9!.
! 3'# [! " -0#!& 0!!& """& 09!.
!9 L'#$. -2$ 'E%% 2+6"-2$*&* -23- -2$
,"#$% &* /"..$/-%+ *6$/&"$# 7$ 23<$ -23- [! ' $! H". ! ' +& "& """& W 9 U$- E* #$"'$ -2$ <3.&3@%$* -"
@$ 3'3%+*$# &' -2$ -$*-* 3* '9!3! " ! "%! $ Y3$A 72$.$ ! "F$ -3I$* -2$ <3%E$ + &H -2$ 3.(E,$'-A FA
&* -.E$ 3'# g$." $%*$72$.$A 3'# \! "
39
3$# Z % ! "%! $ Y3$9
G$ ,3+ -$*- -23- -2$ ,"#$% &* 3#$dE3-$%+ *6$/&"$# &' $3/2 "H -2$ ] / + .$(&"'* &'#&<&#E3%%+
<&3 -$*-* "H -2$ 2+6"-2$*&* '# , '9!
3
! ! 989.
>B EGQ8U:^^9 %03!& <$.*E* '! , '9!
3
! ! EGQ8U:^^9 %P3!&A
72$.$ P3! &* 3 HE'/-&"' "H @"-2 03!A 3'# "-2$. $%$,$'-* "H -2$ -&,$ ! & + &'H".,3-&"' *$- -2"E(2-
-" 6"**&@%+ 23<$ $16%3'3-".+ 6"7$. H". -2$ 6."@3@&%&-+ "H 3 2&-9 S2.&*-"!$.*$' YD??eZ 3'# G3%%&*
Y>BBDZ ,"#$%%$# P3! 3* 3 ".*-O".#$. !3.I"< /23&'A 72&%$ 0'(%$ 3'# !3'(3'$%%& YD???Z E*$# 3 %&'$3.
6."@3@&%&-+ ,"#$%9 G$ 6."6"*$ E*&'( 3 %"(&- ,"#$% H". -2$ 2&-*A 72&/2 ,3I$* &- $3*&$. -" /2$/I
H". -2$ &'!E$'/$ "H "-2$. <3.&3@%$* ". %"'($. %3(*A 3'# &* @$--$. *E&-$# -" ,"#$%%&'( @&'3.+ .3'#",
<3.&3@%$* -23' 3 %&'$3. 6."@3@&%&-+ ,"#$%9 M6$/&"/3%%+A 7$ 6."6"*$=
P3! ' P3
$














D?C2$ .$*$3./2$. ,3+ 23<$ 3 63.-&/E%3. &'-$.$*- &' /$.-3&' .$(&"'* "H -2$ *E66".- Y-2$ %"7$. -3&%*A H". $13,6%$A 72&/2
3.$ &,6".-3'- H". \3%E$O3-O4&*I $*-&,3-&"'Z @$&'( /"..$/-%+ *6$/&"$#9 ;". -2&* .$3*"' 7$ /"'*&#$. -2$ /3*$ 72$.$ -2$
6."@3@&%&-+ ,3** &' $3/2 .$(&"' &* 6"**&@%+ E'$dE3%9
>B [,4#4,4$4] *-3'#* H". [&'#$6$'#$'- @E- '"- &#$'-&/3%%+ #&*-.&@E-$#]9
>F
72$.$ " %*& " %+ / G"&&
"!
&* -2$ %"(&*-&/ -.3'*H".,3-&"'A _3! &* 3 ,3-.&1 /"'-3&'&'( $%$,$'-* H.",
-2$ &'H".,3-&"' *$- 3- -&,$ !& +A A3 &* 3 %X3 ' +& <$/-". "H 63.3,$-$.* -" @$ $*-&,3-$#A 3'# `3 &*
3'+ HE'/-&"' "H .$(.$**".* 3'# 63.3,$-$.* *E/2 -23- `3 %_& )& ' ) H". 3%% _9 C2$ /"'#&-&"' "' `3
&* &,6"*$# *" -23- 72$' A3 ' ) 7$ 23<$ -23- P3! ' P3 %_3!& )& 03!& ' 03!A 3'# -2E* -2$ /",6$-&'(
2+6"-2$*$* ,3+ @$ $16.$**$# 3* A3 ' ) <$.*E* A3 *' )9 C2$ 63.3,$-$. A3 ,3+ @$ H"E'# <&3

























_3!& A3 & 03!
%%
9 C2$ -$*- &* -2$' /"'#E/-$# 3*
















-2$ 'E%% 2+6"-2$*&* -23- -2$ ,"#$% &* /"..$/-%+ *6$/&"$# &' .$(&"' Y3 9
G$ ,3+ -$*- 72$-2$. -2$ 6."6"*$# #$'*&-+ ,"#$% &* /"..$/-%+ *6$/&"$# &' 3%% ] / + .$(&"'*
*&,E%-3'$"E*%+ @+ -$*-&'( -2$ 2+6"-2$*&* '# , \! ! 989. \:^!98UV9I^ %[!& <$.*E* '! , \! !
\:^!98UV9I^ %$!&A 72$.$ 3(3&' 7$ *6$/&H+ $! -" @$ 3 HE'/-&"' "H @"-2 [! 3'# <3.&3@%$* &' -2$ -&,$
!& + &'H".,3-&"' *$-9 G$ 6."6"*$ -2$ H"%%"7&'( *6$/&"/3-&"' H". -2$ $%$,$'-* "H $!=
P! %_!&!& [!& ' "
&






























P3 %_!&!& [!& Y>VZ
72$.$ _! " -_!& """& _9 .
! 3'# ! " -A!& """& A9 .
!9 U$- -2$ %$'(-2 "H ! @$ #$'"-$# ];9 C2&* $16.$**&"'
H". $! &* *6$/&"$# *" -23- $! %_!&"& [!& ' [! H". 3%% _!9 ;E.-2$.A &- 3%%"7* $3/2 "H -2$ $%$,$'-* "H
$! -" @$ 3 HE'/-&"' "H 3 *$- "H .$(.$**".*A _3!A 72&%$ $'*E.&'( -23- $3/2 P3! ' ) 3'# -23- !
9
3$#P3! '
+9 )(3&' -2$ /",6$-&'( 2+6"-2$*$* ,3+ @$ $16.$**$# 3* ! ' ) <$.*E* ! *' )9 C2$ %&I$%&2""#
HE'/-&"' -" @$ ,31&,&*$# -" "@-3&' -2$ 63.3,$-$. ! &* ( %$ %_&!& [ & !'9!& ' !7!$!!
9
3$# 1>P3! %
! "\! ' Z$9 C2$ K"&'- -$*- ,3+ 3%*" @$ /"'#E/-$# 3* 3 %&I$%&2""# .3-&" -$*-= aY<,, " &" %6








! b"9( E'#$. -2$ 'E%% 2+6"-2$*&* -23- -2$ ,"#$% &* /"..$/-%+
*6$/&"$# &' 3%% ] .$(&"'*9
>W
S ,0=1.7 0#' T*C(%.7




M-# 5$< B9hcWc B9cVFF
MI$7'$** OB9BDF? OB9cFeh
PE.-"*&* F9?hF> ?9>?hD
83.dE$O_$.3 6O<3% B9BBBB B9BBBB
)4ST U! 6O<3% B9BBBB B9BBBB
U&'$3. /"..$%3-&"' B9WBeW
^E,@$. "H "@* >BFh
:"*-O$E."
!$3' B9BVWe B9BD?F
M-# 5$< B9hhDc B9hcVW
MI$7'$** OB9WBVD OB9>>?F
PE.-"*&* F9>eVB F9>FcD
83.dE$O_$.3 6O<3% B9BBBB B9BBBB
)4ST U! 6O<3% B9WBhD B9BBDc
U&'$3. /"..$%3-&"' B9D>FB
^E,@$. "H "@* ccV
^"-$ -" C3@%$ D= C2&* -3@%$ 6.$*$'-* *",$ *E,,3.+ *-3-&*-&/* "H -2$ #3-3 E*$# &' -2&* 636$.9 C2$
#3-3 3.$ DBB -&,$* -2$ %"(O#&!$.$'/$* "H -2$ #3&%+ 5$E-*/2$ ,3.I O L9M9 #"%%3. 3'# 8363'$*$ +$' O L9M9
#"%%3. $1/23'($ .3-$*9 C2$ *3,6%$ 6$.&"# .E'* $%$<$' +$3.* H.", 83'E3.+ D??D -" 5$/$,@$. >BBDA +&$%#&'(
>eD? "@*$.<3-&"'* &' -"-3%j >BFh 6.&". -" -2$ &'-."#E/-&"' "H -2$ $E." "' 83'E3.+ DA D??? 3'# ccV 3H-$. -2$
&'-."#E/-&"' "H -2$ $E."9 C2$ )4ST U! -$*- &* /"'#E/-$# E*&'( DB %3(*9
>h










































^"-$ -" C3@%$ >= T$.$ 7$ .$6".- -2$ ,31&,E, %&I$%&2""# $*-&,3-$*A 7&-2 3*+,6-"-&/ *-3'#3.# $..".* &'
63.$'-2$*$*A "H -2$ 63.3,$-$.* "H -2$ ,3.(&'3% #&*-.&@E-&"' ,"#$%* H". -2$ -7" $1/23'($ .3-$*9 C2$ /"%E,'*
.$H$. -" -2$ 6$.&"# @$H".$ ". 3H-$. -2$ &'-."#E/-&"' "H -2$ $E." "' 83'E3.+ DA D???9 XH 3 63.3,$-$. #&# '"-
/23'($ H"%%"7&'( -2$ &'-."#E/-&"' "H -2$ $E." -2$' &- &* %&*-$# &' -2$ /$'-.$ "H -2$*$ -7" /"%E,'*9
C3@%$ V= C$*-&'( -2$ &'!E$'/$ "H -2$ ["-2$.] <3.&3@%$ &' -2$ ,$3' 3'# <3.&3'/$ ,"#$%*9
6O<3%E$
:.$O$E." :"*-O$E."
#!"! &' /"'#&-&"'3% ,$3' ,"#$% H". $! B9cD?e B9eDVB
$!"! 3'# $!"!# &' /"'#&-&"'3% ,$3' ,"#$% H". #! B9V>F? B9Vc?D
>"!"! &' /"'#&-&"'3% <3.&3'/$ ,"#$% H". $! B9>FW? B9hFeW
D"!"! 3'# D
"
!"!# &' /"'#&-&"'3% <3.&3'/$ ,"#$% H". #! B9hhDF B9eV>W
^"-$ -" C3@%$ V= C2&* 6.$*$'-* -2$ .$*E%-* "H -$*-* "H -2$ /"'#&-&"'3% ,$3' 3'# <3.&3'/$ ,"#$%* 6.$*$'-$#
&' $dE3-&"'* YhZA YcZA Y?Z 3'# YDBZ9 G$ .$6".- 6O<3%E$* "' -$*-* -23- -2$ <3.&3@%$* %&*-$# 23<$ /"$"/&$'-* $dE3%
-" g$."j 3 6O<3%E$ (.$3-$. -23' B9BW ,$3'* 7$ /3''"- .$K$/- -2$ 'E%% 3- -2$ B9BW %$<$%9 G$ -$*- 72$-2$. -2$
".*- %3( "H -2$ 5!OLM5 $1/23'($ .3-$ &* &,6".-3'- H". -2$ /"'#&-&"'3% ,$3' "H -2$ J$'OLM5 $1/23'($ .3-$
@+ .$(.$**&'( -2$ .$*&#E3%* D! "' #!"! 3'# -$*-&'( -23- -2$ /"$"/&$'- "' #!"! &* $dE3% -" g$."9 M&,&%3.%+A
7$ -$*- 72$-2$. -2$ ".*- 3'# -$'-2 %3(* "H -2$ J$'OLM5 $1/23'($ .3-$ 3.$ &,6".-3'- H". -2$ /"'#&-&"'3%
,$3' "H -2$ 5!OLM5 $1/23'($ .3-$ @+ .$(.$**&'( -2$ .$*&#E3%* >! "' $!"! 3'# $!"!# 3'# -$*-&'( -23- @"-2
/"$"/&$'-* 3.$ $dE3% -" g$."9 C" -$*- -2$ /"'#&-&"'3% <3.&3'/$ ,"#$%* 7$ .$(.$** -2$ *-3'#3.#&*$# *dE3.$#
.$*&#E3%* "H "'$ $1/23'($ .3-$ "' -2$ %3(($# *dE3.$# .$*&#E3%* "H -2$ "-2$. $1/23'($ .3-$A 3'# -$*- -23- -2$
/"$"/&$'-Y*Z "' -2$ %3(($# *dE3.$# .$*&#E3%* "H -2$ "-2$. $1/23'($ .3-$ &* Y3.$Z g$."9
>c
C3@%$ F= C$*-* "H -2$ ,3.(&'3% #&*-.&@E-&"' ,"#$%*
M-E#$'-N* - _0PP S"6E%3 ,3.(&'*
5! J$' 5! J$'
:.$O$E."
;&.*- ,",$'- U! -$*- B9DVWB B9F>?? B9DhV? B9cVF>
M$/"'# ,",$'- U! -$*- B9FeFW B9DVWc B9WVce B9F?V?
C2&.# ,",$'- U! -$*- B9ch?W B9DWhh B9ce?? B9FeD?
;"E.-2 ,",$'- U! -$*- B9ehcW B9>WeB B9ecBF B9WWBV
POM -$*- B9eFBF B9Bhec B9?hB? B9cW?W
8"&'- 2&- -$*- B9VeWF B9DFVV B9h?cB B9BeB>
:"*-O$E."
;&.*- ,",$'- U! -$*- B9cFe? B9hFhW B9ccBW B9eDBD
M$/"'# ,",$'- U! -$*- B9cc>? B9Wc>e B9c?hB B9Wc>V
C2&.# ,",$'- U! -$*- B9cBWF B9F>DF B9cFBD B9VchW
;"E.-2 ,",$'- U! -$*- B9hhcW B9VDFF B9h?We B9>hhD
POM -$*- B9B?>V B9hcV> B9DFcW B9V>B>
8"&'- 2&- -$*- B9?VBc B9?BF? B9??Bh B9?he?
0'-&.$ *3,6%$
;&.*- ,",$'- U! -$*- B9DFcW B9V>B> B9>Bec B9V>>e
M$/"'# ,",$'- U! -$*- B9FFBF B9B?>e B9WVFe B9Be?>
C2&.# ,",$'- U! -$*- B9hV?c B9B?>D B9cBFV B9Be?D
;"E.-2 ,",$'- U! -$*- B9cWVW B9DFVB B9c?DB B9DF>B
POM -$*- B9FFFc B9BhVh B9DVWB B9F>??
8"&'- 2&- -$*- B9hBFc B9Bc?e B9ehWD B9DDVc
^"-$ -" C3@%$ F= C2&* -3@%$ 6.$*$'-* -2$ 6O<3%E$* H.", U! -$*-* "H *$.&3% &'#$6$'#$'/$ "H -2$ ".*- H"E.
,",$'-* "H -2$ <3.&3@%$* 6! 3'# 7!A #$*/.&@$# &' -2$ -$1-A H.", -2$ -7" ,"#$%*= 3 _0PP ,"#$% H". <3.&3'/$
7&-2 M-E#$'-N* / &''"<3-&"'*A 3'# ,3.(&'3% ,"#$%* -" E*$ 7&-2 /"6E%3*9 G$ .$(.$** %:! & (:&
8
3'# %;! & (;&
8
"' -$' %3(* "H @"-2 <3.&3@%$*A H". X ' +& "& $& #9 C2$ -$*- *-3-&*-&/ &* %W & ")& %Y" H". $3/2 .$(.$**&"'A 3'#
&* #&*-.&@E-$# E'#$. -2$ 'E%% 3* b""#9 )'+ 6O<3%E$ %$** -23' B9BW &'#&/3-$* 3 .$K$/-&"' "H -2$ 'E%% 2+6"-2$*&*
-23- -2$ 63.-&/E%3. ,"#$% &* 7$%%O*6$/&"$#9 G$ 3%*" .$6".- -2$ 6O<3%E$ H.", -2$ P"%,"("."<OM,&.'"< YPMZ
-$*-* H". -2$ 3#$dE3/+ "H -2$ #&*-.&@E-&"' ,"#$%9 ;&'3%%+A 7$ .$6".- -2$ 6O<3%E$ H.", 3 K"&'- -$*- -23- -2$
#$'*&-+ ,"#$% "-* 7$%% &' -2$ "<$ .$(&"'* #$*/.&@$# &' -2$ @"#+A E*&'( -2$ [2&-] -$*- #$*/.&@$# &' )66$'#&1
_9
>e


















































^"-$ -" C3@%$ W= T$.$ 7$ .$6".- -2$ ,31&,E, %&I$%&2""# $*-&,3-$*A 7&-2 3*+,6-"-&/ *-3'#3.# $..".* &'
63.$'-2$*$*A "H -2$ 63.3,$-$.* "H -2$ /"6E%3 ,"#$%*9 C2$ /"%E,'* .$H$. -" -2$ 6$.&"# @$H".$ ". 3H-$. -2$
&'-."#E/-&"' "H -2$ $E." "' 83'E3.+ DA D???9 XH 3 63.3,$-$. #&# '"- /23'($ H"%%"7&'( -2$ &'-."#E/-&"' "H -2$
$E." -2$' &- &* %&*-$# &' -2$ /$'-.$ "H -2$*$ -7" /"%E,'*9 G$ 3%*" .$6".- -2$ /"6E%3 %&I$%&2""# "H -2$ ,"#$%*
"<$. -2$ $'-&.$ *3,6%$9 C2$ 63.3,$-$. (J+ &' -2$ /"'*-3'- M8S /"6E%3 H". -2$ 6"*-O$E." *3,6%$ 73* &,6"*$#
-" $dE3% g$." *" '" *-3'#3.# $..". &* (&<$'9
C3@%$ h= 8"&'- 2&- -$*- .$*E%-* H". -2$ /"6E%3 ,"#$%*
M-E#$'-N* - S"'*-3'- S"'*-3'- C&,$O<3.+&'( C&,$O<3.+&'(
_0PP ^".,3% /"6E%3 M8S /"6E%3 ^".,3% /"6E%3 M8S /"6E%3
:.$O$E." B9BWVB B9FWch B9B?ce B9h>Ve B9>WWV
:"*-O$E." B9?VDe B9?>V? B9?hhD B9?>he B9?cDW
0'-&.$ *3,6%$ B9Bc>V B9hWBW B9>BF? B9cVWF B9V>?D
^"-$= G$ .$6".- -2$ 6O<3%E$* H.", K"&'- -$*-* -23- -2$ ,"#$%* 3.$ /"..$/-%+ *6$/&"$# &' 3%% .$(&"'*9 )
6O<3%E$ %$** -23' B9BW &'#&/3-$* 3 .$K$/-&"' "H -2$ 'E%% 2+6"-2$*&* -23- -2$ ,"#$% &* 7$%%O*6$/&"$#9
>?
H.8.%.#).7
kDl )'#$.*$'A C".@$' R9A 3'# _"%%$.*%$<A C&,A D??eA )'*7$.&'( -2$ MI$6-&/*=J$*A M-3'#3.# \"%3-&%O
&-+ !"#$%* 5" :."<&#$ )//E.3-$ ;".$/3*-*A @#/32#1/,"#1( *&"#"+,& J30,38A V?YFZA eeWO?BW9
k>l )'#$.*$'A C".@$' R9A _"%%$.*%$<A C&,A 5&$@"%#A ;.3'/&* n9A 3'# U3@+*A :3E%A >BBDA C2$ 5&*-.&O
@E-&"' "H 4$3%&g$# 01/23'($ 43-$ \"%3-&%&-+A K".2#1( ") /'3 <+32,&1# %/1/,-/,&1( <--"&,1/,"#A
?hA F>OWW9
kVl )'(A )'#.$7A S2$'A 8"*$62A 3'# n&'(A JE23'(A >BBDA 5"7'*&#$ 4&*I 3'# 016$/-$# 4$-E.'*A
7".I&'( 636$.A S"%E,@&3 _E*&'$** M/2""%9
kFl )'(A )'#.$7A 3'# _$I3$.-A R$$.-A >BB>A X'-$.'3-&"'3% )**$- )%%"/3-&"' 7&-2 4$(&,$ M2&H-*A
J30,38 ") L,#1#&,1( %/.$,3-A DWYFZA DDVcODDec9
kWl )'(A )'#.$7A 3'# S2$'A 8"$A >BB>A )*+,,$-.&/ S"..$%3-&"'* "H 0dE&-+ :".-H"%&"*A K".2#1( ")
L,#1#&,1( *&"#"+,&-A hVYVZA FFVOF?F9
khl _3'I H". X'-$.'3-&"'3% M$--%$,$'-*A D??hAG3#/21( M1#N %.203B ") L"23,;# *E&'1#;3 1#$ O32,0=
1/,03- P12N3/ <&/,0,/BA _3*$%9
kcl _3'I H". X'-$.'3-&"'3% M$--%$,$'-*A >BB>AG3#/21( M1#N %.203B ") L"23,;# *E&'1#;3 1#$ O32,0=
1/,03- P12N3/ <&/,0,/BA _3*%$9
kel _$.I"7&-gA 8$.$,+A >BBDA C$*-&'( 5$'*&-+ ;".$/3*-*A 7&-2 )66%&/3-&"'* -" 4&*I !3'3($,$'-A
K".2#1( ") M.-,#3-- 1#$ *&"#"+,& %/1/,-/,&-A D?A FhWOFcF9
k?l _"%%$.*%$<A C&,A D?ehA R$'$.3%&g$# )E-".$(.$**&<$ S"'#&-&"'3% T$-$."*I$#3*-&/&-+A K".2#1( ")
*&"#"+3/2,&-A VDA VBcOV>c9
kDBl _"%%$.*%$<A C&,A D?ecA ) S"'#&-&"'3% T$-$."*I$#3*-&/ C&,$ M$.&$* !"#$% H". M6$/E%3-&<$ :.&/$*
3'# 43-$* "H 4$-E.'A J30,38 ") *&"#"+,&- 1#$ %/1/,-/,&-A h?A WF>OWFc9
kDDl _"E+iA 0.&/A R3E**$%A ^&/"%3*A 3'# M3%,"'A !3.IA >BBB3A X'<$*-&(3-&'( 5+'3,&/ 5$6$'#$'/$
E*&'( S"6E%3$A 7".I&'( 636$.A S&-+ L'&<$.*&-+ _E*&'$** M/2""%A U"'#"'9
kD>l _"E+oA 0.&/A 5E..%$,3'A \3%#"A ^&I$(2@3%&A )*2I3'A 4&@"E%$-A R3$% 3'# 4"'/3%%&A C2&$..+A
>BBB@A S"6E%3* H". ;&'3'/$= ) 4$3#&'( RE&#$ 3'# M",$ )66%&/3-&"'*A G".I&'( :36$.A R."E6$
#$ 4$/2$./2$ Q6i.3-&"''$%%$A S.i#&- U+"''3&*9 ;.3'/$9
kDVl S2$'A n&3"2"'(A 3'# ;3'A J3'd&'A >BBVA 0*-&,3-&"' "H S"6E%3O_3*$# M$,&63.3,$-.&/ C&,$
M$.&$* !"#$%*A 7".I&'( 636$.A ^$7 J".I L'&<$.*&-+ 3'# \3'#$.@&%- L'&<$.*&-+9
kDFl S2$'A n&3"2"'(A ;3'A J3'd&'A 3'# :3--"'A )'#.$7 89A >BBFA M&,6%$ C$*-* H". !"#$%* "H
5$6$'#$'/$ _$-7$$' !E%-&6%$ ;&'3'/&3% C&,$ M$.&$*A 7&-2 )66%&/3-&"'* -" L9M9 0dE&-+ 4$-E.'*
3'# 01/23'($ 43-$*A ;&'3'/&3% !3.I$-* R."E6A U"'#"' M/2""% "H 0/"'",&/*A 5&*/E**&"' :36$.
FeV9
kDWl S2$.E@&'&A L9A 3'# UE/&3'"A 09A >BBBA _&<3.&3-$ "6-&"' 6.&/&'( 7&-2 /"6E%3*A H".-2/",&'(A
<55(,3$ P1/'3+1/,&1( L,#1#&39
kDhl S2$.E@&'&A L9A 3'# UE/&3'"A 09A >BBDA \3%E$ 3- 4&*I C.3#$O"! 3'# S36&-3% )%%"/3-&"' 7&-2
S"6E%3*A *&"#"+,& Q"/3-A VB Y>Z9
VB
kDcl S2.&*-"!$.*$'A :$-$. ;9A D??eA 0<3%E3-&'( X'-$.<3% ;".$/3*-*A @#/32#1/,"#1( *&"#"+,& J30,38A
V?YFZA eFDOeh>9
kDel S%3+-"'A 59 R9A D?ceA ) !"#$% H". )**"/&3-&"' &' _&<3.&3-$ U&H$ C3@%$* 3'# &-* )66%&/3-&"' &'
06&#$,&"%"(&/3% M-E#&$* "H ;3,&%&3% C$'#$'/+ &' S2."'&/ 5&*$3*$ X'/&#$'/$A M,"+3/2,N1A hWYDZA
DFDODWD9
kD?l S%$,$'-*A !&/23$% :9A >BB>A )' 0<3%E3-&"' "H -2$ ME.<$+ "H :."H$**&"'3% ;".$/3*-$.* :."@3O
@&%&-+ 5&*-.&@E-&"'* "H 016$/-$# X'!3-&"' 3'# QE-6E- R."7-2A 7".I&'( 636$.A 5$63.-,$'- "H
0/"'",&/*A L'&<$.*&-+ "H G3.7&/I9
k>Bl S""IA 49 5$''&*A 3'# 8"2'*"'A !3.I 09A D?eDA ) ;3,&%+ "H 5&*-.&@E-&"'* H". !"#$%%&'( ^"'O
$%%&6-&/3%%+ M+,,$-.&/ !E%-&<3.&3-$ 53-3A K".2#1( ") /'3 J"B1( %/1/,-/,&1( %"&,3/BA FVY>ZA >DBO
>De9
k>Dl 5$2$E<$%*A :9A D?ceA U3 H"'/-&"' #$ #i6$'#$'/$ $,6&.&dE$ $- *$* 6."6.&i-i*9 L' -$*- '"'
63.3,i-.&dE$ #N&'#i6$'#$'/$A <&1$4 J"B4 M3(;4 M.((4 G(4 %&,4A hWYWZA >cFO>?>9
k>>l 5&$@"%#A ;.3'/&* n9A RE'-2$.A C9A 3'# C3+A )'-2"'+ M9A D??eA 0<3%E3-&'( 5$'*&-+ ;".$/3*-*A
7&-2 )66%&/3-&"'* -" ;&'3'/&3% 4&*I !3'3($,$'-A @#/32#1/,"#1( *&"#"+,& J30,38A V?A ehVOeeV9
k>Vl 5&$@"%#A ;.3'/&* n9A T32'A 8&'+"'(A 3'# C3+A )'-2"'+ M9A D???A !E%-&<3.&3-$ 5$'*&-+ ;".$O
/3*- 0<3%E3-&"' 3'# S3%&@.3-&"' &' ;&'3'/&3% 4&*I !3'3($,$'-= T&(2O;.$dE$'/+ 4$-E.'* "'
;".$&(' 01/23'($A 6'3 J30,38 ") *&"#"+,&- 1#$ %/1/,-/,&-A eDYFZA hhDOhcV9
k>Fl 0,@.$/2-*A :3E%A !/^$&%A )%$13'#$. 3'# M-.3E,3''A 53'&$%A >BBDA S"..$%3-&"' 3'# 5$6$'O
#$'/$ :."6$.-&$* &' 4&*I !3'3($,$'-= :."6$.-&$* 3'# :&-H3%%*A &' !9 5$,6*-$.A $#9A J,-N
P1#1;3+3#/> R1(.3 1/ J,-N 1#$ M3B"#$A S3,@.&#($ L'&<$.*&-+ :.$**9
k>Wl 0'(%$A 4"@$.- ;9A D?e>A )E-".$(.$**&<$ S"'#&-&"'3% T$-$."*/$#3*-&/&-+ 7&-2 0*-&,3-$* "H -2$
\3.&3'/$ "H LP X'!3-&"'A *&"#"+3/2,&17 WBA ?ecODBBc9
k>hl 0'(%$A 4"@$.- ;9A 3'# P."'$.A P$''$-2 ;9A D??WA !E%-&<3.&3-$ M&,E%-3'$"E* R$'$.3%&g$#
)4STA *&"#"+3/2,& 6'3"2BA DDA D>>ODWB9
k>cl 0'(%$A 4"@$.- ;9A 3'# !3'(3'$%%&A M&,"'$A D???A S)\&34= S"'#&-&"'3% )E-".$(.$**&<$ \3%E$
3- 4&*I @+ 4$(.$**&"' pE3'-&%$*A G".I&'( :36$.A 5$63.-,$'- "H 0/"'",&/*A L'&<$.*&-+ "H
S3%&H".'&3A M3' 5&$("9
k>el ;$.,3'&3'A 8$3'O53<&#A 3'# M/3&%%$-A Q%&<&$.A >BBVA ^"'63.3,$-.&/ 0*-&,3-&"' "H S"6E%3* H".
C&,$ M$.&$*A K".2#1( ") J,-NA H".-2/",&'(9
k>?l ;&*2$.A 49 )9A D?V>A %/1/,-/,&1( P3/'"$- )"2 J3-312&' S"2N32-9
kVBl ;.$$*A 0#73.# G9A S3..&$.$A 83/dE$*A 3'# \3%#$gA 0,&%&3'" )9A D??hA )''E&-+ \3%E3-&"' 7&-2
5$6$'#$'- !".-3%&-+A K".2#1( ") J,-N 1#$ @#-.21#&3A hVA >>?O>hD9
kVDl ;.$+A 4q#&($.A 3'# !/^$&%A )%$13'#$. 89A >BBDA !"#$%%&'( 5$6$'#$'- 5$H3E%-*A 0CT 0O
S"%%$/-&"'A 2--6=bb$O/"%%$/-&"'9$-2@&@9$-2g9/2b*2"7r-+6$s@$.&/2-`'.s>cV9
kV>l R3%3,@"*A 89A D?ceA 6'3 <-B+5/"/,& 6'3"2B ") *E/23+3 T2$32 %/1/,-/,&-A 8"2' G&%$+ ` M"'*A
^$7 J".I9
VD
kVVl T3'*$'A _.E/$ 09A D??FA )E-".$(.$**&<$ S"'#&-&"'3% 5$'*&-+ 0*-&,3-&"'A @#/32#1/,"#1( *&"=
#"+,& J30,38A VWYVZA cBWOcVB9
kVFl T3.-,3''A :9A M-.3$-,3'*A M9A 3'# #$ \.&$*A S9 R9A >BBDA )**$- !3.I$- U&'I3($* &' S.&*&*
:$.&"#*A G".I&'( :36$. ^"9 cDA 0E."6$3' S$'-.3% _3'I9
kVWl T3.<$+A S3,6@$%% 49A 3'# M&##&dE$A )I2-3.A >BBBA S"'#&-&"'3% MI$7'$** &' )**$- :.&/&'(
C$*-*A K".2#1( ") L,#1#&3A WWYVZA D>hVOD>?W9
kVhl T"'(A J"'(,&3"A >BBBA 0<3%E3-&"' "H QE-O"HOM3,6%$ 5$'*&-+ ;".$/3*-* 7&-2 )66%&/3-&"'* -"
M`: WBB M-"/I :.&/$*A 7".I&'( 636$.A 5$63.-,$'- "H 0/"'",&/*A S".'$%% L'&<$.*&-+9
kVcl TE%%A 8"2'A 3'# G2&-$A )%3'A D??eA \3%E$ 3- 4&*I G2$' 53&%+ S23'($* &' !3.I$- \3.&3@%$*
3.$ '"- ^".,3%%+ 5&*-.&@E-$#A K".2#1( ") O32,01/,03-A WYVZA ?OD?9
kVel TE-/2&'*"'A C9 :9 3'# U3&A S9 59A D??BA G"#/,#.".- M,012,1/3 O,-/2,:./,"#-7 *+5'1-,-,#;
<55(,&1/,"#-A 4E,*@+A M+#'$+9
kV?l 8"$A T3..+A D??cA P.(/,012,1/3 P"$3(- 1#$ O353#$3#&3 G"#&35/-A S236,3' ` T3%%A U"'#"'9
kFBl 8E##A P$''$-2 U9A D??eA Q.+32,&1( P3/'"$- ,# *&"#"+,&-A !XC :.$**A S3,@.&#($A !3**3O
/2E*$--*9
kFDl P$3.'$+A S"%,A 3'# :3--"'A )'#.$7 89A >BBBA !E%-&<3.&3-$ R)4ST !"#$%&'( "H 01/23'($
43-$ \"%3-&%&-+ C.3'*,&**&"' &' -2$ 0E."6$3' !"'$-3.+ M+*-$,A 6'3 L,#1#&,1( J30,38A FDA
>?OFe9
kF>l P&,$%#".HA R9 3'# M3,6*"'A )9 49A D?cWA L'&H"., .$6.$*$'-3-&"'* "H @&<3.&3-$ #&*-.&@E-&"'*A
G"++.#,&1/,"#- ,# %/1/,-/,&-A FA hDcOh>c9
kFVl U&A 53<&# n9A >BBBA Q' 5$H3E%- S"..$%3-&"'= ) S"6E%3 ;E'/-&"' )66."3/2A K".2#1( ") L,E3$
@#&"+3A ?YFZA FVOWF9
kFFl U"'(&'A ;.3't"&*A 3'# M"%'&IA _.E'"A >BBDA 01-.$,$ S"..$%3-&"' "H X'-$.'3-&"'3% 0dE&-+ !3.O
I$-*A K".2#1( ") L,#1#&3A WhY>ZA hF?Ohch9
kFWl !&%%*A ;.$#$.&/I S9A D?>cA 6'3 M3'10,".2 ") U2,&3-A ^3-&"'3% _E.$3E "H 0/"'",&/ 4$*$3./2A
^$7 J".I9
kFhl ^$%*$'A 4"($. _9A D???A <# @#/2"$.&/,"# /" G"5.(1-A M6.&'($.O\$.%3(A ^$7 J".I9
kFcl ^$7$+A G2&-'$+ P9A 3'# G$*-A P$''$-2 59A D?ecA ) M&,6%$A :"*&-&<$ M$,&#$"'&-$A T$-O
$."*I$#3*-&/&-+ 3'# )E-"/"..$%3-&"' S"'*&*-$'- S"<3.&3'/$ !3-.&1A *&"#"+3/2,&1A WWYVZA cBVO
cBe9
kFel Q3I$*A 53<&#A D?e?A _&<3.&3-$ ME.<&<3% !"#$%* X'#E/$# @+ ;.3&%-&$*A K".2#1( ") /'3 <+32,&1#
%/1/,-/,&1( <--"&,1/,"#A eFYFBhZA FecOF?V9
kF?l :3--"'A )'#.$7 89A >BBDA 0*-&,3-&"' "H S"6E%3 !"#$%* H". C&,$ M$.&$* "H :"**&@%+ 5&!$.$'-
U$'(-2*A 5&*/E**&"' :36$. BDODcA 5$63.-,$'- "H 0/"'",&/*A L'&<$.*&-+ "H S3%&H".'&3A M3'
5&$("9
kWBl :3--"'A )'#.$7 89A >BB>A )66%&/3-&"'* "H S"6E%3 C2$".+ &' ;&'3'/&3% 0/"'",$-.&/*A L'6E@O
%&*2$# :2959 #&**$.-3-&"'A L'&<$.*&-+ "H S3%&H".'&3A M3' 5&$("9
V>
kWDl :3--"'A )'#.$7 89A >BBFA Q' -2$ QE-O"HOM3,6%$ X,6".-3'/$ "H MI$7'$** 3'# )*+,,$-.&/
5$6$'#$'/$ H". )**$- )%%"/3-&"'A K".2#1( ") L,#1#&,1( *&"#"+3/2,&-A >YDZA DVBODhe9
kW>l :$3.*"'A P9A D?VVA Q' 3 !$-2"# "H 5$-$.,&'&'( G2$-2$. 3 M3,6%$ "H M&g$8 ME66"*$# -" T3<$
_$$' 5.37' H.", 3 :3.$'- :"6E%3-&"' T3<&'( 3 P'"7' :."@3@&%&-+ X'-$(.3% 23* :."@3@%+ _$$'
5.37' 3- 43'#",A M,"+3/2,N1A >WA VbFA Vc?OFDB9
kWVl :$3.*"'A 09 M9A D?VeA C2$ :."@3@&%&-+ X'-$(.3% C.3'*H".,3-&"' H". C$*-&'( R""#'$** "H ;&- 3'#
S",@&'&'( X'#$6$'#$'- C$*-* "H M&('&"/3'/$A M,"+3/2,N1A VBA Db>A DVFODFe9
kWFl 4&@$&."A 4E+ 3'# \$."'$*&A :&$-."A >BB>A C2$ 01/$** S","<$,$'- "H X'-$.'3-&"'3% M-"/I
4$-E.'* &' _3# C&,$*= ) 43-&"'3% 016$/-3-&"'* 0dE&%&@.&E, !"#$%A 7".I&'( 636$.A R.3#E3-$
M/2""% "H _E*&'$**A L'&<$.*&-+ "H S2&/3("9
kWWl 4&<$.*A 5"E(%3*A \E"'(A pE3'(A >BB>A !"#$% M$%$/-&"' C$*-* H". ^"'%&'$3. 5+'3,&/ !"#$%*A
6'3 *&"#"+3/2,&- K".2#1(A WYDZA DOV?9
kWhl 4"/I&'($.A !&/23$%A 3'# 8"'#$3EA 0.&/A >BBDA S"'#&-&"'3% 5$6$'#$'/+ "H ;&'3'/&3% M$.&$*= )'
)66%&/3-&"' "H S"6E%3*A 7".I&'( 636$.A 5$63.-,$'- "H ;&'3'/$A T0S M/2""% "H !3'3($,$'-A
;.3'/$9
kWcl 4"#.&(E$gA 8E3' S3.%"*A >BBVA !$3*E.&'( ;&'3'/&3% S"'-3(&"'= ) S"6E%3 )66."3/2A 0L4)^O
5Q! 7".I&'( 636$.9
kWel 4"*$'@$.(A 8"*2E3 \9A >BBVA ^"'63.3,$-.&/ :.&/&'( "H !E%-&<3.&3-$ S"'-&'($'- S%3&,*A K".2=
#1( ") O32,01/,03-A DBYVZA ?O>h9
kW?l 4"*$'@$.(A 8"*2E3 \9A 3'# M/2E$.,3''A C&%A >BBFA X'-$(.3-$# 4&*I !3'3($,$'- L*&'( S"6EO
%3*A 7".I&'( 636$.A ;$#$.3% 4$*$.<$ _3'I "H ^$7 J".I9
khBl 4"*$'@%3--A !E..3+A D?W>A 4$,3.I* "' 3 !E%-&<3.&3-$ C.3'*H".,3-&"'A 6'3 <##1(- ") P1/'3=
+1/,&1( %/1/,-/,&-A >VYVZA FcBOFc>9
khDl M3'/$--3A )%$**&"A 3'# M3-/2$%%A M-$62$'A >BBDA _$.'*-$&' )66."1&,3-&"'* -" -2$ S"6E%3 ;E'/O
-&"' 3'# :".-H"%&" Q6-&,&g3-&"'A G".I&'( :36$. >BBDOWA 5$63.-,$'- "H )66%&$# 0/"'",&/*A
L'&<$.*&-+ "H S3,@.&#($9
kh>l M/27$&g$.A _9A 3'# MI%3.A )9A D?eVA U2":1:,(,-/,& P3/2,& %51&3-A 0%*$<&$. M/&$'/$A ^$7 J".I9
khVl MI%3.A )9A D?W?A ;"'/-&"'* #$ .i63.-&-&"' u # #&,$'*&"'* $- %$E.* ,3.($*A U.:(,&1/,"#- $3 (V
@#-/,/./ %/1/,-/,F.3 $3 (VW#,032-,/3X $3 U12,-A eA >>?O>VD9
khFl C3I3(&A M2&'K&A D???A C2$ J$' 3'# &-* 03*- )*&3' ^$&(2@".*A D?eBO?W= S""6$.3-&"' ". S",6$O
-&-&"'rA &' C3I3-"*2& X-" 3'# )''$ Q9 P.E$($.A $#*9A G'1#;3- ,# *E&'1#;3 J1/3- ,# J15,$(B
O303("5,#; G".#/2,3-A C2$ L'&<$.*&-+ "H S2&/3(" :.$**A S2&/3("A DeWO>Bc9
khWl C2",6*"'A M3,E$% _9A >BB>A 0<3%E3-&'( -2$ R""#'$** "H ;&- "H S"'#&-&"'3% 5&*-.&@E-&"'*A 7&-2
3' )66%&/3-&"' -" )"'$ C$., M-.E/-E.$ !"#$%*A 7".I&'( 636$.A 5$63.-,$'- "H 0/"'",&/*A
T3.<3.# L'&<$.*&-+9
khhl G3%%&*A P$''$-2 ;9A >BBVA S2&O*dE3.$# C$*-* "H X'-$.<3% 3'# 5$'*&-+ ;".$/3*-*A 3'# -2$ _3'I
"H 0'(%3'#N* ;3' S23.-*A @#/32#1/,"#1( K".2#1( ") L"23&1-/,#;A D?A DhWODcW9
VV
!"#$%&'(")*&%+'! ,'-./
(&%01"234'(")*&%+'" ,'5 6*$78&34 (")*&%+'# ,'5./






91*:82134'! (")*&%+'! ,'-./+'$ ,';
































;&(E.$ D= G"#/".2 5("/- ") 012,".- $,-/2,:./,"#- 1(( 8,/' -/1#$12$ #"2+1( +12;,#1( $,-/2,:./,"#-
1#$ (,#312 &"223(1/,"# &"3!&,3#/- ") Y4Z4
VF






























;&(E.$ >= G"#$,/,"#1( &"223(1/,"# 3-/,+1/3- )2"+ /'3 Q"2+1( &"5.(1- 1(("8,#; )"2 1 -/2.&/.21( :231N
1/ /'3 ,#/2"$.&/,"# ") /'3 3.2" "# K1#.12B ?7 ?[[[7 8,/' [Z\ &"#!$3#&3 ,#/3201( )"2 /'3 &"#-/1#/
&"223(1/,"# &1-34






























;&(E.$ V= G"#$,/,"#1( &"223(1/,"# 3-/,+1/3- )2"+ /'3 -B++3/2,-3$ K"3=G(1B/"# &"5.(1- 1(("8,#; )"2
1 -/2.&/.21( :231N 1/ /'3 ,#/2"$.&/,"# ") /'3 3.2" "# K1#.12B ?7 ?[[[7 8,/' [Z\ &"#!$3#&3 ,#/3201(
)"2 /'3 &"#-/1#/ /1,( $353#$3#&3 &1-34
VW






































;&(E.$ F= <0321;3 /1,( $353#$3#&3 )2"+ /'3 -B++3/2,-3$ K"3=G(1B/"# &"5.(1- 1(("8,#; )"2 1 -/2.&=
/.21( :231N 1/ /'3 ,#/2"$.&/,"# ") /'3 3.2" "# K1#.12B ?7 ?[[[4



















































;&(E.$ W= O,"323#&3 :3/833# .5532 1#$ ("832 /1,( $353#$3#&3 )2"+ /'3 -B++3/2,-3$ K"3=G(1B/"#






 List of other working papers: 
2004 
1. Xiaohong Chen, Yanqin Fan and Andrew Patton, Simple Tests for Models of Dependence 
Between Multiple Financial Time Series, with Applications to U.S. Equity Returns and 
Exchange Rates, WP04-19 
2. Valentina Corradi and Walter Distaso, Testing for One-Factor Models versus Stochastic 
Volatility Models, WP04-18 
3. Valentina Corradi and Walter Distaso, Estimating and Testing Sochastic Volatility Models 
using Realized Measures, WP04-17 
4. Valentina Corradi and Norman Swanson, Predictive Density Accuracy Tests, WP04-16 
5. Roel Oomen, Properties of Bias Corrected Realized Variance Under Alternative Sampling 
Schemes, WP04-15 
6. Roel Oomen, Properties of Realized Variance for a Pure Jump Process:  Calendar Time 
Sampling versus Business Time Sampling, WP04-14 
7. Richard Clarida, Lucio Sarno, Mark Taylor and Giorgio Valente, The Role of Asymmetries and 
Regime Shifts in the Term Structure of Interest Rates, WP04-13 
8. Lucio Sarno, Daniel Thornton and Giorgio Valente, Federal Funds Rate Prediction, WP04-12 
9. Lucio Sarno and Giorgio Valente, Modeling and Forecasting Stock Returns:  Exploiting the 
Futures Market, Regime Shifts and International Spillovers, WP04-11 
10. Lucio Sarno and Giorgio Valente, Empirical Exchange Rate Models and Currency Risk:  Some 
Evidence from Density Forecasts, WP04-10 
11. Ilias Tsiakas, Periodic Stochastic Volatility and Fat Tails, WP04-09 
12. Ilias Tsiakas, Is Seasonal Heteroscedasticity Real?  An International Perspective, WP04-08 
13. Damin Challet, Andrea De Martino, Matteo Marsili and Isaac Castillo, Minority games with 
finite score memory, WP04-07 
14. Basel Awartani, Valentina Corradi and Walter Distaso, Testing and Modelling Market 
Microstructure Effects with an Application to the Dow Jones Industrial Average, WP04-06 
15. Andrew Patton and Allan Timmermann, Properties of Optimal Forecasts under Asymmetric 
Loss and Nonlinearity, WP04-05 
16. Andrew Patton, Modelling Asymmetric Exchange Rate Dependence, WP04-04 
17. Alessio Sancetta, Decoupling and Convergence to Independence with Applications to 
Functional Limit Theorems, WP04-03 
18. Alessio Sancetta, Copula Based Monte Carlo Integration in Financial Problems, WP04-02 
19. Abhay Abhayankar, Lucio Sarno and Giorgio Valente, Exchange Rates and Fundamentals:  
Evidence on the Economic Value of Predictability, WP04-01 
2002 
1. Paolo Zaffaroni, Gaussian inference on Certain Long-Range Dependent Volatility Models, 
WP02-12 
2. Paolo Zaffaroni, Aggregation and Memory of Models of Changing Volatility, WP02-11 
3. Jerry Coakley, Ana-Maria Fuertes and Andrew Wood, Reinterpreting the Real Exchange Rate 
- Yield Diffential Nexus, WP02-10 
4. Gordon Gemmill and Dylan Thomas , Noise Training, Costly Arbitrage and Asset Prices: 
evidence from closed-end funds, WP02-09 
5. Gordon Gemmill, Testing Merton's Model for Credit Spreads on Zero-Coupon Bonds, WP02-
08 
6. George Christodoulakis and Steve Satchell, On th Evolution of Global Style Factors in the 
MSCI Universe of Assets, WP02-07 
7. George Christodoulakis, Sharp Style Analysis in the MSCI Sector Portfolios: A Monte Caro 
Integration Approach, WP02-06 
8. George Christodoulakis, Generating Composite Volatility Forecasts with Random Factor 
Betas, WP02-05 
9. Claudia Riveiro and Nick Webber, Valuing Path Dependent Options in the Variance-Gamma 
Model by Monte Carlo with a Gamma Bridge, WP02-04 
10. Christian Pedersen and Soosung Hwang, On Empirical Risk Measurement with Asymmetric 
Returns Data, WP02-03 
11. Roy Batchelor and Ismail Orgakcioglu, Event-related GARCH: the impact of stock dividends 
in Turkey, WP02-02 
12. George Albanis and Roy Batchelor, Combining Heterogeneous Classifiers for Stock Selection, 
WP02-01 
2001 
1. Soosung Hwang and Steve Satchell , GARCH Model with Cross-sectional Volatility; GARCHX 
Models, WP01-16 
2. Soosung Hwang and Steve Satchell, Tracking Error: Ex-Ante versus Ex-Post Measures, 
WP01-15 
3. Soosung Hwang and Steve Satchell, The Asset Allocation Decision in a Loss Aversion World, 
WP01-14 
4. Soosung Hwang and Mark Salmon, An Analysis of Performance Measures Using Copulae, 
WP01-13 
5. Soosung Hwang and Mark Salmon, A New Measure of Herding and Empirical Evidence, 
WP01-12 
6. Richard Lewin and Steve Satchell, The Derivation of New Model of Equity Duration, WP01-
11 
7. Massimiliano Marcellino and Mark Salmon, Robust Decision Theory and the Lucas Critique, 
WP01-10 
8. Jerry Coakley, Ana-Maria Fuertes and Maria-Teresa Perez, Numerical Issues in Threshold 
Autoregressive Modelling of Time Series, WP01-09 
9. Jerry Coakley, Ana-Maria Fuertes and Ron Smith, Small Sample Properties of Panel Time-
series Estimators with I(1) Errors, WP01-08 
10. Jerry Coakley and Ana-Maria Fuertes, The Felsdtein-Horioka Puzzle is Not as Bad as You 
Think, WP01-07 
11. Jerry Coakley and Ana-Maria Fuertes, Rethinking the Forward Premium Puzzle in a Non-
linear Framework, WP01-06 
12. George Christodoulakis, Co-Volatility and Correlation Clustering: A Multivariate Correlated 
ARCH Framework, WP01-05 
13. Frank Critchley, Paul Marriott and Mark Salmon, On Preferred Point Geometry in Statistics, 
WP01-04 
14. Eric Bouyé and Nicolas Gaussel and Mark Salmon, Investigating Dynamic Dependence Using 
Copulae, WP01-03 
15. Eric Bouyé, Multivariate Extremes at Work for Portfolio Risk Measurement, WP01-02 
16. Erick Bouyé, Vado Durrleman, Ashkan Nikeghbali, Gael Riboulet and Thierry Roncalli, 
Copulas: an Open Field for Risk Management, WP01-01 
2000 
1. Soosung Hwang and Steve Satchell , Valuing Information Using Utility Functions, WP00-06   
2. Soosung Hwang, Properties of Cross-sectional Volatility, WP00-05  
3. Soosung Hwang and Steve Satchell, Calculating the Miss-specification in Beta from Using a 
Proxy for the Market Portfolio, WP00-04  
4. Laun Middleton and Stephen Satchell, Deriving the APT when the Number of Factors is 
Unknown, WP00-03  
5. George A. Christodoulakis and Steve Satchell, Evolving Systems of Financial Returns:  Auto-
Regressive Conditional Beta, WP00-02  
6. Christian S. Pedersen and Stephen Satchell, Evaluating the Performance of Nearest 
Neighbour Algorithms when Forecasting US Industry Returns, WP00-01  
1999 
1. Yin-Wong Cheung, Menzie Chinn and Ian Marsh, How do UK-Based Foreign Exchange 
Dealers Think Their Market Operates?, WP99-21 
2. Soosung Hwang, John Knight and Stephen Satchell, Forecasting Volatility using LINEX Loss 
Functions, WP99-20 
3. Soosung Hwang and Steve Satchell, Improved Testing for the Efficiency of Asset Pricing 
Theories in Linear Factor Models, WP99-19 
4. Soosung Hwang and Stephen Satchell, The Disappearance of Style in the US Equity Market, 
WP99-18 
5. Soosung Hwang and Stephen Satchell, Modelling Emerging Market Risk Premia Using Higher 
Moments, WP99-17 
6. Soosung Hwang and Stephen Satchell, Market Risk and the Concept of Fundamental 
Volatility:  Measuring Volatility Across Asset and Derivative Markets and Testing for the 
Impact of Derivatives Markets on Financial Markets, WP99-16 
7. Soosung Hwang, The Effects of Systematic Sampling and Temporal Aggregation on Discrete 
Time Long Memory Processes and their Finite Sample Properties, WP99-15 
8. Ronald MacDonald and Ian Marsh, Currency Spillovers and Tri-Polarity:  a Simultaneous 
Model of the US Dollar, German Mark and Japanese Yen, WP99-14 
9. Robert Hillman, Forecasting Inflation with a Non-linear Output Gap Model, WP99-13 
10. Robert Hillman and Mark Salmon , From Market Micro-structure to Macro Fundamentals:  is 
there Predictability in the Dollar-Deutsche Mark Exchange Rate?, WP99-12 
11. Renzo Avesani, Giampiero Gallo and Mark Salmon, On the Evolution of Credibility and 
Flexible Exchange Rate Target Zones, WP99-11 
12. Paul Marriott and Mark Salmon, An Introduction to Differential Geometry in Econometrics, 
WP99-10 
13. Mark Dixon, Anthony Ledford and Paul Marriott, Finite Sample Inference for Extreme Value 
Distributions, WP99-09 
14. Ian Marsh and David Power, A Panel-Based Investigation into the Relationship Between 
Stock Prices and Dividends, WP99-08 
15. Ian Marsh, An Analysis of the Performance of European Foreign Exchange Forecasters, 
WP99-07 
16. Frank Critchley, Paul Marriott and Mark Salmon, An Elementary Account of Amari's Expected 
Geometry, WP99-06 
17. Demos Tambakis and Anne-Sophie Van Royen, Bootstrap Predictability of Daily Exchange 
Rates in ARMA Models, WP99-05 
18. Christopher Neely and Paul Weller, Technical Analysis and Central Bank Intervention, WP99-
04 
19. Christopher Neely and Paul Weller, Predictability in International Asset Returns: A Re-
examination, WP99-03 
20. Christopher Neely and Paul Weller, Intraday Technical Trading in the Foreign Exchange 
Market, WP99-02 
21. Anthony Hall, Soosung Hwang and Stephen Satchell, Using Bayesian Variable Selection 
Methods to Choose Style Factors in Global Stock Return Models, WP99-01 
1998 
1. Soosung Hwang and Stephen Satchell, Implied Volatility Forecasting:  A Compaison of 
Different Procedures Including Fractionally Integrated Models with Applications to UK Equity 
Options, WP98-05 
2. Roy Batchelor and David Peel, Rationality Testing under Asymmetric Loss, WP98-04 
3. Roy Batchelor, Forecasting T-Bill Yields: Accuracy versus Profitability, WP98-03 
4. Adam Kurpiel and Thierry Roncalli , Option Hedging with Stochastic Volatility, WP98-02 
5. Adam Kurpiel and Thierry Roncalli, Hopscotch Methods for Two State Financial Models, 
WP98-01 
